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BEFORE YOU BEGIN . . . 

A silvery jet thunders overhead. An old neglected 
car quietly rusts in a junkyard. A blacksmith pounds 
a piece of iron into a horseshoe shape. A jeweler deli- 
cately places a stone into a shiny gold setting. 

What do these events have in common? All of them 
have to do with metals. But metals are even more a 
part of your life. There is metal in your own blood 
right this second! Even the food you eat has metals 
' in it. 

Chemistry Workshop 3 is about the chemistry of 
metals and even more. It explains the tiny atoms 
and molecules that make up the things around us. 
This book tells about how different materials react 
with one another to form new materials. 

This book is divided into 25 Aims. Each Aim starts 
with the information you’ll need to know. This is 
followed by a series of exercises. Take your time on 
these. Look back to the beginning of the Aim when- 
ever you’re not sure of an answer. You’ll find experi- 
ments and word games to do in the Aims, too. 


SCIENCE SAFETY 


Science is the study of the world around you. The study of any branch of science 
includes '“learning by doing.” Investigations, experiments, demonstrations. Activities 
in whichfyou are involved. You make things happen. 

Safety is a very important part of these activities. Even if you are only reading 
about an investigation, you should know about the safety precautions that MUST be 
taken. The following SAFETY ALERT SYMBOLS are designed to call these precau- 
tions to your attention. They appear on pages wherever any of these dangers are pres- 
ent. 



Open Flame 



Toxic Vapors 



Sharp Objects 



Hot Objects 



Lab Apron Safety goggles and a laboratory apron or coat should be 

or Coat worn for all activities or investigations. 

When working near an open flame, be sure that hair and loose clothing 
are secured in some manner. 


Many chemicals are poisonous, or toxic. Never taste, touch, or smell any 
unknown substance unless told to do so by your teacher. 

Caustic (KAW stik) substances can bum your skin, eyes, and clothing. 
Handle these substances with extreme care. Acids and bases (such as 
lye) are caustic. 


Never inhale any vapors directly. To test the odor of a substance, use 
your hand to waft the vapors to your nose. 


Always handle sharp objects with great care. 

Glassware, such as beakers, test tubes, glass tubing, and thermometers 
should be handled very carefully to avoid breakage. Never pick up bro- 
ken glass with your bare hands. 

Never use electrical appliances near water or other liquids. Always in- 
spect wiring for worn or broken insulation. Unplug all electric cords 
when not in use. 


When handling hot objects, use tongs or padded gloves. Never set hot 
objects directly on a desk or table top. Set them on a heat-resistant pad. 


j 

I 
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AIM 


is matter 


made of? 


Matter is anything that has mass and volume. Stated an- 
other way, matter is anything that has weight and takes up 
space. Matter is everywhere. This book is matter. Water is mat- 
ter, So is air. Even you are matter. In fact, everything you can see 
(arjd much of what you cannot see) is matter. 

Matter exists in three forms — solid, liquid, and gas. 
These forms are known as the states, or phases, of matter. 

All matter is made up of atoms. In fact, atoms can be 
described as very tiny bits of matter. They are the “building 
blocks of matter.” 

How small is an atom? Well, an atom is much too small to 
bejseen with an ordinary microscope. The period at the end of 
this sentence contains more atoms that you could count in your 
lifetime. 

i More than 100 different kinds of atoms have been identi- 
fied. Matter that is made up of only one kind of atom is called an 
element. This means that more than 100 different kinds of ele- 
ments have been identified. Only 91 of these elements exist in 
the natural world. All the others have been created in laborato- 
ries. Such elements are sometimes called artificial elements. 
Artificial elements are difficult to study because they are cre- 
ated in very small amounts. Also, many of them exist for only a 
fraction of a second. 

Recall that some types of matter, elements, are made up 
of ;only one kind of atom. There are more than 100 known ele- 
ments. Oxygen, hydrogen, iron, and gold are all elements. How 
many other elements can you name? 

Most types of matter exists as compounds. A compound 
is made up of two or more different elements that are chemi- 
cally combined. There are millions of compounds. Almost 
everything you see around you is a compound. Water, salt, 
wood, plastic — even your flesh and blood — are compounds. 
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UNDERSTANDING ATOMS AMD 



Figure A 


MOLECULES 

Look at the figures. Then answer 
the questions. 

Figure A shows a model of what 
scientists think an atom looks like. 

The atoms of any one element are 
almost exactly alike. But they are differ- 
ent from the atoms of ail other elements. 

Different elements have different 

atoms. 


1. What is all matter made of? . — 

2. Does matter have weight (mass) and take up space? 

3. Do atoms have weight and take up space? 

4. How many different kinds of atoms are there? 

5. What do we call matter made up of only one kind of atom? 

6. How many elements are there? 

7. Name three elements — - - — 

8. The smallest part of an element is atom of that element. 

just one, more than one 



Most matter is made up of two or 
more different kinds of atoms linked 
together. 

9. What do we call matter made of 
different kinds of atoms linked to- 
gether? 

10. There are eie- 

more, fewer 

raents than there are compounds. 

11. Name three compounds. 


12. Does a compound have weight and 
take up space? 

3 



The smallest part of a compound 
is called a molecule. 

Figure C shows a model of one 
molecule of water. 

Figure C 

13. How many different kinds of atoms make up a molecule of water? ____________ 

14. Name the kinds of atoms that make up a water molecule. 

I 

13. How many atoms of hydrogen does one molecule of water have? 

16 . How many atoms of oxygen does one molecule of water have? 

17. Altogether, how many atoms does one molecule of water have? ________ 

18. The smallest part of a compound is molecule of that 

compound. iusl one ' lhan one 


USING SYMBOLS 

The shorthand way of writing an element is called its symbol. The elements and 
their symbols:: are listed on page 170. Write the symbols for the following elements: 


1. oxygen 1 4. hydrogen 7. helium 

2 . carbon i 3. gold 8 . silver 

3. mercury j 6 . sodium 9 , tin __ 


The shorthand way of writing a compound is called its formula. 

Five formulas are listed in the chart at the top of the next page. What axe their 
chemical names? Choose from the following: 

magnesium oxide copper sulfate carbon dioxide 

silver iddide sodium chloride 




? 



j 
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Write each name next to the correct formula. (Hint: First use page 170 to find 
out what each symbol stands for.) 



Formula 

Chemical Name 

10 . 

CO 2 


11 . 

NaCl 


12 . 

MgO 


13. 

Agl 


14. 

CuSO, 

: 


Figure D shows one molecule of a compound you know. 



Figure D 

The formula for this compound is NaCl. 


15. How many atoms make up one mole- 
cule of NaCl? 

16. Name the elements that make up 

NaCl. 


17. Take a guess. What is the common 
name of this compound? (Hint: You 

put it on food.) 


Figure E shows one molecule of a compound called sodium bicarbonate. You 
know it as baking soda. 



Figure E 

The formula far baking soda is NaHC0 3 . 


18. Name the four kinds of atoms in 
baking soda. 


19. How many atoms make up one mole- 
cule of this compound? 


4 


5 





an element, a compound 
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UNDERSTANDING THE PERIODIC TABLE 



o\ 


Bow are the elements listed 
in special order? 


There are many ways to organize information- One way is 
to ,use a chart. A chart can be used to show many facts in a small 
space. All the known elements are listed in a special chart 
called the Periodic Table of the Elements. 

In the Periodic Table, elements are arranged in order of 
their atomic numbers. The atomic number of an element is the 
mimber of protons in the nucleus of an atom of that element. 
Every element has an atomic number. No two elements have the 
same atomic number. 


Look at the Periodic Table on page 9. It has horizontal 
raws that run from left to right and vertical columns that run up 
and down. 


Each horizontal row is called a period. All of the ele- 
ments in a row belong to the same period. There are seven peri- 
ods. 


Each vertical column is a group, or family. All of the ele- 
ments in a column belong to the same group. For example, all of 
the elements in the left-hand column of the table belong to 
Gioup IA. 


Elements in the same group have properties that are the 
same or very similar. Properties help us to identify elements. 
Color, smell, state, and density are examples of some properties. 

Each group takes up one column in the Periodic Table 
except for Group VIII. This group takes up three columns. 


An element is either a metal or nonmetal. The elements 
listed on the left side of the Period Table are metals. Those 
listed on the right side are nonmetals. 
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Use this Periodic Table to help you answer each exercise. You can find the names 
of the elements on the complete Periodic Table on pages 168-169. 

1. a) List the atomic numbers of the elements in Period 2. 


b) Write the names and symbols of these elements. 


c) Which of these elements are metals? 


d] Which of these elements are nonmetais? 


2. a) Name the lightest element in Period 2. 
b) Name the heaviest element in Period 2. 


3. To which group does each of these elements belong? 

a) lithium e) nitrogen 

b) beryllium f} oxygen . 

cj boron g) fluorine 

d) carbon __________ h) neon 
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4 - a) List the atomic numbers of the elements in Period 3. 


b) Write the names and symbols of these elements. 


c ) Which of these elements are metals? 

5 • a ) Name the lightest element in Period 3. 

b) Name the heaviest element in Period 3. 

6- To which group does each of these elements belong? 
a ) sulfur e) silicon 


a) sulfur 

b) sodium _ 

c ) aluminum 


f) magnesium 

g) chlorine 

h) phosphorus 


d ) argon h) phosphor 

7 - a) Name the elements in Group II B. 

b) Which element in this group is the heaviest? 

c ) Which element in this group is the lightest? 

The symbol for iron is Fe. Find iron on the Periodic Table, 

a) What is the atomic number of iron? 

b) To tyhich period does iron belong? 

c) To which group does iron belong? 

d ) Name the elements that have many properties like iron, 
9- The symbol for calcium is Ca. 

a) To which period does calcium belong? 

b) To which group does calcium belong? 

10- a) List jthe names and symbols of the elements that havt 


caici'um. , 

b) Which of these elements is the lightest? 

c ) Which of these elements is the heaviest? 


symbols of the elements that have properties similar to 
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FILL IN THE CHART 


Fill in the chart below. The first row has been done for you. 



COMPLETING Complete the sentences with the choices below. 

SENTENCES 


I 

i 


heavier 

nonmetal 

more 

weight 

family 


group 

Periodic Table 

left 

metal 

lighter 


period 

atomic 

right 

properties 


1. The chart that lists the elements in an organized way is called the 


2. The Periodic Table lists the elements according to . 

3. The number that tells us where an element ranks in weight is called the 

number. 

4. The lower the atomic number, the the element; the higher the 

atomic number, the the element. 

5. Elements in the same row across belong to the same 

6. Elements in the same column down belong to the same or 


7. Elements in the same group or family share important ___ 

8. An element is identified as either a or a 


11 


9. On the! Periodic Table, metals are on the Nonmetals are on 

the __i — 

10 There are — matals than nonmetals. 


j\,i j, H' j 3 Match the two lists. Write the correct letter on the line next to 
each number. 


1. 1 

metals and nonmetals 

a) 

tells where an element ranks by 

2. 

Periodic Table 


weight 

3 t 

__ atomic number 

b) 

in the same row down 

4 . i 

group of elements 

c) 

the chart of the elements 

s. 1 

period of elements 

d) 

in the same row across 



e) 

the two kinds of elements 



Figure A The language of chemistry is the same all aver the world. 


REACHING OUT 

1. Who bade up the first Periodic Table? 

2 . Where did he live? _ — _ 

3. In what year did he do it? 


MAii 


<ii 

klL 
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wflai pans make wo an 


31 atom? 


It IS hard to believe how tiny an atom is. Yet, the tiny 
atom » made up of even smaller parts. Can you imagine how 
small these parts are? 

electrons 1 ^ main PartS: protons ’ neutrons, and 

j Protons and neutrons make up the center of an atom. 
The center part of an atom is called the nucleus. 

The electrons are outside the nucleus. They spin around 
he nucleus at very great speeds. Electrons are much smaller 
than protons or neutrons. 

Protons and electrons have electrical charges, 
a Each proton has a positive (+) charge. 

8 Each electron has a negative (-) charge. 

A neutron is neutral. It has no charge, 
j An atom has the same number of protons as electrons. 
PROTONS = ELECTRONS 

j This means that the number of plus charges equals the 
number of minus charges. They balance each other. Because 
of this, the entire atom has no charge. 

protons' 116 at0f ” IC nurnfaer is also the same as the number of 

PROTONS = ATOMIC NUMBER 

., T h ree things, then, are equal: the number of protons, 
the pumber of electrons, and the atomic number. 

j Photons = 
i E lectrons = 

| lN|umber {atomic] 

I R0m ®niher this. If you know any one of these numbers, 
you know the number of the other two. They are the samel 
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Now fill in the chart. 


UNDERSTANDING ATOMIC WEIGHT 

Every atom has weight. The weight of an atom is called its atomic weight. An 
atomic weight is not an exact scale reading of weight — like grams or ounces. It is a way 
of comparing’ the weight of one atom against the weight of another atom. 

The weight of an atom is the weight of its nucleus. A nucleus contains protons 
and neutrons. Therefore the number of protons plus the number of neutrons gives us 
the atomic weight of an atom. Electrons are so light, that they are not counted in the 
atomic weight. 

■ Each proton is given a weight of one. 

a Each neutron is given a weight of one. 



a Each different kind of atom 
a Each different kind of atom 


For example, a .lithium atom has 3 
protons and 4 neutrons. The atomic weight 
of a lithium atom is 7 {3 + 4 = 7). 


has its own number of protons, 
has its own atomic weight. 


Answer ithese questions. 


1. What is the center part of the atom called? 


2. What parts make up the nucleus? 


3. The weight of an atom is the weight of its and 

4. Fill in the blanks. ATOMIC WEIGHT = + 



Name of j 

Element | Symbol 

Number of 
Protons 

Number of 
Neutrons 

Atomic i 
Weight 

5. 

) 

Neon 

10 


20 ; 

6- 

Cobalt j 

27 


59 

* 

Gold 

79 

118 


[ 8 - 

Chlorine ! 


18 

35 

| 9. 

j 

Thorium : : 

90 

142 


10. 

Lead | 


125 

207 

r 

ii. 

Nickel i 

I 

28 


59 

12. 

Chromium j 


28 

52 

| 13. 

Silicon ( 

14 


28 

14. 



Tungsten 

74 

no 



ROUNDING OFT ATOMIC WEIGHTS 



Key 


atomic number 

_ _ 


1 

' — - 29 2 

number of electrons 


8 

in each shell 

symbol — 

. n , , 

or ring 


v>U 1 


name - _ 

■““Copper 



63.54-1—— 

atomic weight 


Figure C 


This is the “key" to 
reading the full Periodic 
Table on pages 168-169. 

Copper has been cho- 
sen. Any other element 
could have been chosen. 

Notice that tire atomic 
weight of copper is 63.54. 
This is a whole number fol- 
lowed by two decimals. 
Most atomic weights have 
decimals. 


In the classroom, we do not use decimals. We round off the decimal to its nearest 
whole number, if the decimal is .5 or greater we round off to the next higher number. 
If the decimal is less than .5 we round down. 
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Use this knowledge to fill 

in the chart. The first two are done as examples. 

I 

Element 

Listed 

Atomic Weight 

| Rounded-off 

Atomic Weight ! 

; } 
l. ; 

Copper 

63.54 

64 ; 

) i 

2. 

Calcium 

j 40.08 

40 

3. i 

Fluorine 

18.99 

} ! 

i f 

4. 

Strontium 

87.62 

1 

f i 

i 5 . 

Barium 

i 

137.34 

| 

} * 

6 . 

Titanium 

i 

47.90 


; 7. 

Magnesium 

{■ 

24.31 

1 

! ; 

5 ! 

8. 

Argon 

39.94 

1 | 
j 

| t 

9. 

Erbium 

1 

167.26 

i 

; i 

I 

10. 

Zirconium 

1 91.22 

t 

WHAT DC 

THE PICTURES SHOW? 


Figures 

each. 

D and E show atoms. Study each figure and 

answer the questions about 


Figure D 



1. How many protons does the atom in Figure D have? 

2. How many neutrons? 

3. How many electrons? 

4. What is the atomic weight of this atom? 


5. What is the name and symbol of this atom? Name . 

Symbol 

(Check with your Periodic Table.) 


i 


i 


I 

I 


Figure E 

6. How many protons does the atom in Figure E have? 

7. How many neutrons? 

8. How many electrons? 

9. What is the atomic weight of this atom? 

10. What is the name and symbol of this atom? Name . 

Symbol 



COMPLETING Complete the sentences with the choices below. Two of these 
SENTENCES be used twice. Two of these may be used three times. 


plus no 

atomic number atoms 

circle electrons 

protons 

1. All matter is made up of tiny — 

2. The three main parts of an atom are 


neutrons 

1 

minus 


, and 


3. A nucleus is made up of and . 

4. Electrons the nucleus. 


5. A proton has a 


charge; a neutron has . 
6. An entire atom has 


7. Protons = electrons ■ 


. charge; an electron has a 
charge. 


. charge. 




. » 'll . c 




9. Each proton or neutron is given a weight of • 

10. In figuring atomic weight, we do not count the weight of an atom s 
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a) no charge 

b) add an atom's protons and neutrons 

c) make up a nucleus 

d) positive charge 

e) negative charge 

WyED The words in this list are hidden within the groups of letters. 
^EAP PH Try to find each word. When you find it, draw a line around the 
word. The spelling may go in any direction. 


protons and neutrons 

electron 

'proton 

neutron 

i to find atomic weight 



in which electrons 












AIM Sow are electrons arranged 
4 4 roim ^ 'the nucleus? 


Electrons orbit the nucleus in paths called rings or 
shells. Hydrogen and helium have one electron shell. All 
| other atoms have two or more shells. 

; E’ach shell is named with a capital letter. The first shell 

is called the “K” shell- It is closest to the nucleus. The next 
shell is the “L” shell. The "M” shell comes next. And so on. 

: Each shell can hold only a certain number of electrons. 

The "K" shell can hold 2 electrons. 

\ The “L” shell can hold 8 electrons. 

The “M” shell can hold 8 electrons.* 

The number of shells an atom has depends upon its 
l number of electrons. Each shell must have its full number of 

electrons before a new shell starts. If there are more electrons 
than a shell can hold, a new shell starts. 

The outer shell of most electrons is not full. Only the 
atoms of the elements of Group O have full outer shells, 

■ Atoms of metals have fewer than 4 outer-ring 
electrons. 

■ Atoms of nonmetals have more than 4 outer-ring 
electrons. 


; 'through Atomic number 20. 
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WHAT DO THE PICTURES SHOW? 


Figures A and B show how electrons are arranged in two atoms. Study each 
figure. Then answer the questions. 

Figure A shows a magnesium atom. 

The atomic number of magnesium 

is 12. 


1. How many electron shells does 

magnesium have? 

2. a) What is the first shell called? 

b) How many electrons does the first shell have? 

c) Is the first shell full? 

d) The K shell is the nucleus. 

closest to, farthest from 

3. a) What is the second shell called? 

b) Is this the outer shell? ______ 

c) How many electrons does the second shell have? 

d) Is the second shell full? ______ 

4. a) What is the third shell called? 

b) How many electrons does the third shell have? .. 

cj Is the third shell full? 

d) Is this the outer shell? 

3. a) Magnesium is a 

metal, nonmetal 

bj Why? . — 

6. Find magnesium in the Periodic Table. 

Magnesium is found in Period Group 

' 23 • ; •. 






FiLL IN Write the correct term in each blank to complete the sentence. 

THE BLANKS 

1. The first electron shell is the shell. It can hold 

electrons, 

2. The second electron shell is the shell. It can hold 

electrons. 

3. The third electron shell is the ___ — _ shell. It can hold 

electrons. 

4. A metal has than 4 ’outer-ring electrons. 

5. A nonmetal has than 4 outer-ring electrons. 


7. How many Electron shells does sulfur have? 

8. a) What is the first shell called? 

b) How many electrons does the first shell have? _ 

c) Is the first shell full? 

9. a) What IS the second shell called? 

b) Is this ihe outer shell? 

c) How many electrons does the second shell have? 

d) Is the Second shell full? 

10. a] What is the third shell called? 

b) How many electrons does the third shell have? 

c) Is the third shell full? 

d) Is this the outer shell? ___ — _____ 

11. aj Sulfur is a ■ 

metal, nonmetai 

b] Why? j _____ __________ 

12. Find sulfur in the Periodic Table. 

Sulfur is found in Period , Group 


FILL IN THE ELECTRONS 

Decide how many electrons each of these atoms in Figures C through F has. 
Then draw the electrons in their proper shells. Make a small ball • to show an electron. 

REMEMBER IPEN; . 


Label each shell that is not already 
each diagram. 


The first exercise has been filled in as an example. 



Figure C 

Oxygen-atomic number 8 


labeled. Then answer the questions next to 

1 . How many electrons does oxygen 

have? _J? 

2. List the electron shells and the 
number of electrons in each shell. 

K shell — 2 electrons 

L shell — 6 electrons 

3. Is the outer shell complete? 

No 

4. How many electrons does the outer 

shell have? 6 

5. Oxygen is a nonmeta i 

metal. nonmetai 


24 


25 


8. How many electrons does sodium 



have? 

7. List the electron shells and the 
number of electrons in each shell. 


8. Is the outer shell complete? 

9. How many electrons does the outer 

shell have? 

10. Sodium is a 

metal, nonmetal 



Figure E 

Neon-atomic dumber 10 


11. How many electrons does neon 

have? 

12. List the electron shells and the 
number of electrons in each shell. 

13. is the outer shell complete? 

14. How many electrons does the outer 

shell have? - 

15. Neon is a — 

metal, nonmetal 


26 



Figure F 

Phosphorus — atomic number 15 


16. How many electrons does phos- 
phorus have? 

17. List the electron shells and the 
number of electrons in each shell. 


18. Is the outer shell complete? 

19. How many electrons does the outer 

shell have? _ 

20. Phosphorus is a ______ — 

metai. nonmetal 
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MATCHING Match the two lists. Write the correct letter on the line next to 
each number. 


protons and neutrons 

electrons 

K, L, M 

metals 

nonmetals 


a) circle the nucleus 

b) more than 4 outer-ring electrons 

c) make up the nucleus 

d) fewer than 4 outer-ring electrons 

e) first three electron rings 


GEO-33 VY ' GILD Fill in the blank spaces by following the clues across and down. 
PUZZLE 


Across 

4. 

Second and third electron rings 

The smallest part of an element 

5. 

Elements of the same row across 

Long-playing (abbreviation) 

7. 

The last part 

Matter made up of one kind of 

8. 

Part of your foot 

atom 

9. 

Face covering 

Food) that comes from an animal 

13. 

Two for a dollar or fifty cents 


10. In a place 

11 . To operate an automobile 

12. Where electrons orbit; also found 
by the sea 

15. First electron ring 

16. Morning (abbreviation) 

18. To stop living 

20. A kind of electric current 
(abbreviation) 

21. A man’s name 

23. What a flame is; not cold 

24. K, Li or M for example 


2. Needed for chewing 
3- Iron o: aluminum for 


14. Coming after all others 

17. Short for mother 
19. A bird hatches from one 

22. Mister (abbreviation) 



example 
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UNDERSTANDING HOW A COMPOUND FORMS 


D 


Ho'w do some 
■C omp orm els f Dim? 


I You have learned about electron shells. Now use this 
knowledge to understand how atoms link up to form com- 
pounds. 

Not all atoms form compounds. Only atoms that have 
out$r shells that are not full form compounds. 

The elements of Group O have complete outer shells. 
These atoms do not form compounds. All other atoms have 
out^r shells that are not full. All other atoms form compounds. 

Atoms form compounds by combining their outer-ring 
electrons. A total of 8 outer-ring electrons is needed. 

Here’s an example. An atom with 7 outer-ring electrons 
will form a compound with an atom with 1 outer-ring electron. 
(7 +[ l = 8.) (See Figure C.) 

An atom with 6 outer-ring electrons will link up with 
an atom with 2 outer-ring electrons. (6 + 2 = 8.) 

In Aim 4 you learned that: 

» Atoms of metals have fewer than 4 outer-ring 
electrons. 

" Atoms of non metals have more than 4 outer-ring 
electrons. 

When forming a compound: 

n The metal transfers or "lends” outer-ring electrons 
to the nonmetal. 

B The nonmetal "borrows” these electrons. 

Here is an easy way to remember this: 

M 
E 
T 
A 

GJML> ELECTRONS 
S 

t if metals lend electrons, then nonmetals borrow 
them. A compound has at least one metal and one nonmetal. 


Sodium (Na) and chlorine (Cl) link up to form the compound sodium chloride 
(NaCl) — common table salt Let’s- see how it happens. 

First, let’s look at the atoms of sodium and chlorine. 



Figure A 

A sodium atom 

1. How many protons does a sodium 

atom have? 

2. How many electrons? 

3. Is the number of protons the same 

as the number of electrons? 

4. Is a sodium atom neutral? 

5. How many outer-ring electrons does 

sodium have? 

6. Is its outer ring full? __ 

7. Is sodium a metal or a nonmetal? 



Figure B 

A chiarine atom 

8. How many protons does a chlorine 

atom have? — 

9. How many electrons? 

10. Is the number of protons the same 

as the number of electrons? 

11. Is a chlorine atom neutral? 

12. How many outer-ring electrons does 

chlorine have? 

13. Is its outer ring full? 

14. Is chlorine a metal or a nonmetal? 


15. Whiclh atom will be an election lender? 

16 . Which atom will be an electron borrower? 

17. Add up your answers to questions 5 and 12. 

Is that the same number of electrons that make up a full shell? 


THE CHEMICAL EE ACTION 



3. Does sodium still have an equal number of electrons and protons? 

4. How many electrons does chlorine borrow? 

5. Chlorine now has electrons and protons. 

6. Does chlorine still have an equal number of electrons and protons? 


Why do sddium and chlorine combine? 

When sodium and chlorine combine, sodium LOSES an electron. The chlorine 
GAINS anielectron. 

Axe sodium and chlorine still neutral atoms? NO! Now, they each have a charge. 

The; neutral sodium atom lost 1 
electron. Therefore, it now has 11 posit- 
ive charges and only 10 negative 
charges — or 1 extra positive charge. 



Figure D 


Chlorine now has 1 extra negative 
charge. 

We know that atoms are neutral. 

Sodium and chlorine are no longer neu- 
tral. So they are no longer atoms. They 
have charges. We call an atom with a 
charge an ION [EYE on]. 

Sodium is a positive ion because its charge is +1. 

Chlorine is a negative ion because its charge is -1. 



Figure E 


Opposite charges attract. Positive 
and negative ions are attracted to one 
another. 

The opposite charges hold the so- 
dium and chlorine ions together. Together 
they form sodium chloride. Sodium chlo- 
ride is a compound. 



Sodium Chlorine Sodium chloride 

ion ion compound 


Figure F 


LET’S TEY ANOTHER EXAMPLE 

Look at Figure G. It shows how one magnesium atom combines with two fluorine 


atoms. 



1 . How many electrons does magnesium lose? 

2. How many minus charges does magnesium lose? 

3. How many minus charges does magnesium now have? 

4. How many plus charges does magnesium now have? 

5. The magnesium now has a __ charge. 


6. What do we call a charged atom? _____ 

7. The magnesium is a __ — i° n - 

positive, negative 

8. How many electrons does each fluorine atom gain? 
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9. How many minus charges does each fluorine atom gain? 

10. How many minus charges does each fluorine atom now have? 

11. How inany plus charges does each fluorine atom now have? 

12 . What icharge does each fluorine atom now have? 

i + 1 . - i 

13. The fluorine is now a ion. 

I positive, negative 

14. The magnesium and fluorine ions have charges. 

opposite, the same 

15. They i. attract one another. 

do. do not 

16. The compound that magnesium and fluorine form is magnesium fluoride. What 

keeps; the magnesium fluoride together? 

“VISITING- SYMBOLS FOB IONS 

° An nlom has no charge, ft is shown as a symbol followed by a small zero. For 
example, this is the symbol for a chlorine atom Cl" . 

a An ion is shown as a symbol followed by the charge value. For example, this 
is the symbol for a chlorine ion Cl -1 . 

Use what you have learned about atoms and ions. Complete the information 
below. The; first line has been done for you. 


1. 

Ca» - 

ATOMS 

2 


IONS 

— * Ca" 2 

2. 

0“ + 




3. 

K” 



— » K 4 " 1 

4. 

Ag« 



— > Ae +I 

5. 

F” _ 


electrons — 

— > p-i 


NOu| LETS TRY IT ANOTHER WAY. 


Agaih, the first line has been done for you. 
ATOMS IONS 

6. Al° -3 electrons * 


7. P° +3 electrons ♦ 

8. Li” -1 electron — — » 

9. Be 0 -2 electrons * 

10. 1” + 1 electron ♦ 


COMPLETING Several elements are listed below. Find them in the Periodic 
CHARTS Table {pages 168-169). Then fill in the empty spaces. 

The first element, copper, has already been done for you. 



Element 

Number of 
Electrons 
in Outer 
Ring 

Metal or 
Nonmetal? 

Lends or 
Borrows 
Electrons? 

Can Lend 
or Borrow 
How Many 
Electrons? 

| i. 

Copper 

1 

metal 

lends 

I 

1 2- 

Phosphorus 




i 

3. 

Iodine 




1 

i 

c 

4. 

Vanadium 




| 

5. 

Cobalt 




I 

| 6> 

Sodium 



i 

7. 

Nitrogen 




f 

i 

8. 

Helium 




) 

9. 

Gold 




i 

10. 

Zinc 




; 


MATCHING Match the two lists. Write the correct letter on the line next to 
each number. 


i. 

compound 

2. 

at least one metal and 


one nonmetal 

3. __ 

__ 8 

4. _ 

metals 

5. 

nonmetals 


needed to form a compound 

borrow' electrons 

two or more linked-up atoms 

total number of outer-ring electrons 
needed to form a compound 

lend electrons 
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isfiSiH J ii83st 


siv'Kt .-*M 
• \i 8-1 


_ 

-- 
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!ONS AND 


(lave you ever heard of Witches' 
Winds? They sweep across several parts of 
the earth and are known by different names 
in the places where they blow. They are 
called Santa Am in Southern California. 
Chinook in Canada. Foe in in Central Europe, 
and Sjiaroii in Israel. 

There is some evidence of an increase 
in illness, family quarrels, accidents, 
suicides, and even murder when these 
winds arrive. Are these unfortunate events 
and Witches' Winds somehow related? 
Here is a theory. 

Atr consists of molecules of gases. The 
molecules are electrically t mitral . That is. 
they Contain an equal number of positive 
and negative charges. 

Air also contains ions. Ions are atoms 
or molecules that do have an electrical 
charge. An ion may have a positive or a 
negative charge. Atoms are turned into 
ions by certain radiations, electricity, and 
the friction of moving water, sand, snow or 
hail, i 

Sometimes, the number of ions in the 
air increases greatly. Several scientists be- 
lieve that large quantities of air ions influ- 
ence personality and behavior. 

It }s a fact, that Witches' Winds bring a 
large dumber of positin' ion*. Positive ions, 
it is believed, can make some people tense, 



irritable, and moody. If this is true, then 
Witches Winds may indeed play a role in 
causing damaging behavior and ill health. 

Negative ions, it is believed, can have 
an opposite effect. Negative ions may make 
some people /css tense, more relaxed, and 
happy. Negative ions seem to make peopie 
healthier. 

There are many negative ions around 
waterfalls. People generally feel relaxed 
around waterfalls, is there a connection 
between this feeling and negative ions? 
Possibly. 

Experiments have been carried out in 
high-positive and high-negative ion 
environments. The findings indicate that 
there is a link between air ions and health 
and behavior. The findings, however, are 
uncertain. Much more testing is needed to 
change this theory to scientific fact. 

Some manufacturers have produced 
negative-ion generators. The negative ions 
they produce are supposed to stop the bad 
effects of positive ions. The U.S. Food and 
Drug Administration had these devices 
taken off the market. The FDA could find 
no proof that they are really doing what 
they claim. 
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VViaat are the properties 
metals? 


lou come in contact with all kinds of matter — paper, 
plastic, steel, glass, water, air. . . . You have no trouble telling 
one from another. Each one looks, feels, and behaves in its own 
special way. Each one has its own properties. Properties help 
us to identify matter. 

No two substances have exactly the same properties. 
Certain kinds of substances, however, have certain properties 
that are the same. For example, metals share certain important 
properties. Let’s see what they are. 

a Metals are solid at room temperature. There is one 
exception. Mercury is a liquid. 

■ Metals are siiver-grav in color. There are two excep- 
tions. Gold and copper are yellow to orange-yellow. 

« Metals are good conductors of heat and electricity. 
This means that heat and electricity move easily through 
metals. 

* Metals have a certain shiny look. We call that shine 
nietallic luster. 

® Metals are malleable. This means that they can be 
hammered or rolled into thin pieces without breaking. 

= Metals are also ductile. This means that they can be 
made into thin wires. 














MATCHlN Li Match the two lists. Write the correct letter on the line next to 
1 each number. 

1. I metallic luster a) can be hammered without breaking 

2. 1 properties b) building blocks of matter 

3. 1 — malleable c) color of most metals 



atoms 

silver-gray 


d) help to identify matter 

e) special kind of shine 


ON Look at Figures H, 1, and J. Then answer the questions. 

PE.OP5tB.TIE5 

The aluminum foil that you use at home was made in a huge machine like the 
one in Figure H. 



Figure H 


I what property do metals have that makes aluminum foil possible. 


You have read about seven properties of metals. Figures 1 and f show two more 
properties. Can you figure out what they are? 

Write your answers by completing the sentences below each figure. 



Figure X 

2. Most metals are 



Figure J 

3. Most metals are 


41 


;g 

iv]: 
! I 

\i 


Oil Write T on the line next to the number if the sentence is true. 
| FALSE Wnte F the sentence is false. 


1- 1 — A waxed floor has a shine. 

2- i — A waxed floor has a metallic luster. 

— Mercury is a liquid at room temperature. 

4- Mercury is a metal. 

5. i — All metals are solid. 

t 

6. i — Most metals are silver-gray. 

7. i — Only metals are silver-grav. 

8- i — Gold is silver-gray. 

9- j — Wood is ductile. 

10. i. — _ Wood is a metal. 


! V/OiLD Unscramble each of the following to form a word or term that 
SCRAMBLE y° u have read in this Aim. 


1. LEAMT 

2. RUSTEL 

3. CLUDITE 

4. CYMRRUE 

i 

REACHING OUT 

The properties of metals and non- 
metals are generally opposite. Make a 
list of some: of the properties of non- 
metals. 
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AIM 


Wiiat is ¥ 


.ence? 


L ,5 t0ms ° f metals li { lk U P with atoms of nonmetals. 

fends nX COmPO T ' Wil6n 8 com P° und forms, the metal 
lends outer-ring electrons to the nonmetal. The nonmetal 
borrows the electrons. e tat 

How many electrons does an atom lend or borrow? It 
depends upon the atom. It also depends upon the compound 

° me at ? mS giVe UP ° r take on more electrons 
than others The number of electrons an atom can lend or 
borrow is called its valence. 

j. . A valence is a number with a plus (+) or minus f-1 
Jiign in front of it. The valence is written next to the atom it 
describes, such as Al +3 , Mg«, Br’ 1 , and Se~ 2 . 

ljom,w?ri ( s + " tdlS “ Whe ' h " ' he “»» ‘“•‘s « 

| „ 

j ■ A plus (+j sign means that the atom lends electrons' j 
j A minus (-) sign means that the a tom borrows electrons.; 

or borrows rlUrni3er US rn ° ny electrons the atom lends 

Let $ look at two valences. 

sodium" r S *n d i iUn i haS Y alenCe of +1 Ma + ‘). This means that 
sodium can lend one electron. 

J , “ The vaIence of oxygen is -2 (0~ 2 ). Oxygen can bor- 
row two electrons. 

Metals have plus valences. Metals lend electrons, 
electron ° nm8 ^ alS haVS minUS vaiences - Nonmetals borrow 

its outer 3“®^ W ‘ U b ° rr ° W enough eiectrons to complete 

Isdany elements have more than one valence. In fact ' 
spme elements have both plus and minus valences. Som^ 
times they lend electrons. Sometimes they borrow. 
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USING THE PERIODIC TABLE TO FIND VALENCE 

You can find the valence of many elements by looking at the Periodic Table 
(pages 168-169). 

Finding the Valence of a Metal 

This is the simplest valence to find. In many cases, the valence of a metal is the 
same as the number of electrons in its outer shell. 

A metal lends (loses) eiectrons. Therefore, its valence is plus ( +]■ 


Figure A shows an example. 



Figure A 


Finding the Valence of a Nonmetal 

This is simple too. Here is what to do: 
a Check the number of electrons in the outer shell. 

a Figure out how many electrons that atom needs to make a complete outer shell 
(8 electrons). That number is the valence number. 

A nonmetal will add (borrow) these electrons. Therefore, its valence is minus (-). 


Figure B shows an example. 



Figure B 


Oxygen has 6 outer-shell electrons. 

Oxygen needs 2 more electrons 
to fill its outer shell (8 - 6 = 2). 


Oxygen will borrow (gain) these 
2 electrons. 

I The valence of oxygen is " z (O' 2 ). 


I 
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SerylJiurri 
9.01 I 


Figure C 


Now try these yourseif 
1. How many outer-shell electrons does beryllium have? 


2. Beryllium is a 


ffletai. nonmetal 


3. Beryllium . 


lends, borrotvs 


. electrons. 


4. How many electrons can beryllium lend? 

5. What is the valence of beryllium? 



Figure D 


6- a) How many outer-shell electrons does sulfur have? 
bl Is this a full shell? 

c) How many electrons are needed to make a full shell? 


7. Sulfur is a . 


metal, nonmetai 


8. Sulfur . 


lends, borrows 


. electrons. 



Figure E 


9. How many electrons can sulfur borrow? _ 

10. What is the valence of sulfur? ______ 

a) How raan y outer-shell electrons does iodine have? 

b) Is this a full shell? 

cj How many electrons will make it a full shell? 


12. Iodine is a . 


13* Iodine . 


metal, nonmetal 


loses, gains 


. electrons. 


14. How many electrons can iodine gain? 

15. What is the valence of iodine? _____ 
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WORKING WITH VALENCES 

Ten elements and their valences are listed below. Study each one. Then fill in the 
chart. The first line has been filled in for you. 




Slement 

Symbol 
and valence 
number 

Metal 

or 

nonmetal 

Lends or 
borrow 
electrons? 

Lends or 
borrows how 
many electrons? 

1. 

Oxygen 

o- 2 

Nonmetal 

borrows 

2 

2. 

Ct 

Icium 

Ca +2 




3. 

A 

uminum 

Al« 




4. 

Bromine 

Br" 1 




3. 

Nitrogen 

N-3 




6. 

Zinc 

Zn +2 






7. Lithium 

8. Sulfur 

9. Phosphorus 

10. Silver 


TRUE OR Write T on the line next to the number if the sentence is true 
FALSE Write F if the sentence is false. 


Valence Is the number of electrons an atom has. 

Every element has the same valence. 

Some elements have more than one valence. 

An atom with a plus (+} valence lends electrons. 

An atom with a minus {-} valence borrows electrons. 

An atom with a + 2 valence can borrow two electrons. 

An atom with a valence of + 2 can lend two electrons. 

An atom with 6 outer-ring electrons can lend 3 electrons. 
An atom with 7 outer-ring electrons has a valence of -1. 
An atom with 7 outer-ring electrons can borrow 1 electron 







AIM 


iow can valence la 
mle formulas? 


f w “ 

&FF = SSSM — * *• 

Complicated molecule' ^ '* 3 COm P iicated fo ™ula for a 

CROSS THE VALENCE NUMBERS* > UST ™SS- 

This is how to write the formula for water: 

.,1, J V 5“ ;’ d “S “f *“***' » M »d oxygen (0,. The 
~2 (0“ 2 ). J' ihe valence of oxygen is 

Step 1 usfL d r n 1 the s r bo! ° i each e ^t. 

List tlie + valence element first. 

H O 

Step 2 Mark down the valence of each element next 
to the element like this: 

H* ! 0~ 3 

I 5 " p 3 S Z£7 e *‘ ,al *”“ -*« Mr. L...0 


4- M ,h “' 2 — ■ - h r- 

4 »^S;tirsS' " 110 ”■ — • «* >•.. 
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Example — - 

What do you do if both valence numbers [not the signs) are the same? This is 
the case when magnesium and oxygen combine. 

Mg'xCt- 

Mg ./t>, =Mg 2 0, 

In some compounds, the numbers are left alone. But. not in the compounds you 
will work with. 

If you run across a case like this, cancel out both numbers like this: Mg.>Ov: 
The formula, then is MgO. 

WRITING F ORMULAS 

Work these out by yourself, it’s easy! )ust do one step at a time. 

Example A 

Calcium (Ca) links up with iodine (!) to form a compound called calcium iodide, 
a The valence of calcium is +2 (Ca* 2 ). 

■ The valence of iodine is -1 (I -1 ). 
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1. Write) down each element and its 
valen'ce. (Remember, the + valence 
comeb first.) 

2. Cross; over the signs. 

3. Cancel out numbers. (Skip if not 
needed.) 

4. Write the formula. 

5. What (is the name of this compound? 



One iholecule of calcium iodide has 


atom(s) of calcium and 


atom(s) of iodine. 


7. Altogether, how many atoms does one molecule of calcium iodide have? 


Example B [ 

Gold and sulfur combine to form the compound gold sui/ide. 
a The valence of gold is +l (Au* 1 }. 
a The valence of sulfur is -2 (S -2 ). 

8. Write down each element and its 
valench- 

9. Cross over signs. 

10. Cancel out numbers. (Skip if not 
needed,} 

11 . Write the formula. 

12. What is the name of this compound? 

». On. njolacule of gold .ulfid, h» ^ „„ 

— — — r— atom(s) of sulfur. 

14. Altogether, how many atoms does one molecule of gold sulfide have? 
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METALS 


Example C 


!• 

?< 

I 

| Iron (Fe) and oxygen (O) form a compound called iron oxide. You call it rust. 

s 

• a The valence of iron in this compound is +3. (Fe' 1 ' 3 }. 

; a The valence of oxygen is -2 (0~ 2 ). 

| 

; 15. Write down each element and its 

| valence. 

§ 

E 16. Cross over signs. 

| 17. Cancel out numbers. (Skip if not 

needed.) 

i 

l 

( ' 18. Write the formula. 


a) What is the chemical name of this compound? — _ „ 

b) What is its common name? 

One molecule of iron oxide has atom(s) of iron, and 

atom(s) of oxygen. 

Altogether, how many atoms does one atom of iron oxide have? 


FILL IN THE CHART 

Write the correct formulas in the spaces below. Three formulas have been written 
for you. 


NONMETALS 






53 












What is a radical? 


Many friends are "extra” good friends. They get to- 
gether very often. And then, they seem to act like one person. 

Certain elements are like that. They "get together” 
whenever possible. And then, they act as if they were one 
element. 

A group of atoms that behaves like a single atom is 
called a radical. A radical has its own valence. 

Eight common radicals along with their valences are 
listed on the facing page. Ail the common radicals have a 
minus valence except one. The ammonium radical (NH.l 
has ;a +1 valence (NH, ) ] +! , 

The radicals in the chart are listed within parenthesis 
like;' (OH). A parenthesis is not always needed. For example 
the :(OH) in the formula Na(OH) does not need a parenthesis’ 
It can be written as NaOH. 

; A parenthesis is always needed when a subscript fol- 
low? a radical. Take this formula for example— Ca(OH) 2 . The 
small 2 after the OH is a subscript. It means that one molecule 
of this compound has two hydroxy I (OH) radicals. 

( How do you find the formula for a simple compound 
that has one or even two radicals? It's simple. Just criss-cross 
the valences — just as you did in Aim 8. 

Here are two examples. 

I 1. Ca 2 - 1 - (CQa.)" 2 

Ca^((x?y ).2 (cancel out the 2’s) 

The final formula is Ca(C0 3 ) or CaC0 3 . Either one 
may be used. The name for this compound is calcium car- 
bonate. 

2.. (NH„ 

(NH 4 ) r fF0 4 ’) I (cancel out the 1 ) 

i Th ® finaI formula is (NH,),P0 4 . The name for this 
compound is ammonium phosphate. 
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UNDERSTANDING RADICALS 


Chart I shows eight common radicals. 


Radical 

Formula 
and Valence 

Radical 

Formula 
and Valence 

Ammonium 

(NHJ +1 : 

Carbonate 

(co s r 2 

Bicarbonate 

(HCO,)" 1 

Sulfite 

(SO,)" 2 

Hydroxyl 

(OH)" 1 

Sulfate 

(SOj)" 2 

Nitrate 

(NO s )-< 

Phosphate 

(po 4 r 3 


Chart I 


Now look at Chart II. The names of the eight radicals are listed in column A. 
Do the following: 

In Column B, write the formula of each radical. 

In Column C, list the elements that make up each radical and the number of atoms of each 
element. 

In Column D, list the valence of each radical. 

The first one has been completed for you. 



A 

B 

C D 

Radical Name 

• Formula (Don’t list 
the valence here.) 

Elements and 

Number of Atoms of Each Valence 

1. 

Sulfate 

SO, 

Sulfur — 1 atom ? 

Oxygen — 4 atoms 

2. 

Bicarbonate 



3. 

Nitrate 



4. 

Ammonium 



5. 

Phosphate 



6. 

Carbonate 



7. 

Hydroxyl 



8. 

Sulfite 




Chart II 
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10 I element? 


•a polyvalent 


t , “Poly” means many or more thnn , 

having to do with valence. Poiywta? Valent \ means 

j more than one valence. 5 6 ' then * means having 

Many elements are polyvalent u 
I one valence. Iron (Fe). for example ha h ? haVe more than 
.Iron can also have a lalen ° f +2 ^ 

also have a vllence^of ^(Hg^ 1 ) 06 ° f +1 {Hgf ‘ 5 ' Mercur y can 

'compound wdtMhe sTmelonmete™ m ° re ° ne kind ° f 

U chlorine «*-■>• 

pch oner it depends upon ^ ‘ 

If +2 valence iron (Fe* 2 ) take? n»rt t a 
get FeCl 2 . 1 K6S pm ln 1118 reaction we 


FeCl 2 is called FERROUS chloririe tk , 
comes from /erre. the Latin word for Ton The *"*' F* 
[ells us that the lower valence of i ron tookpal fo ZiS 

f on 11 me “ s ,t *« <h * ™ | ““ f i«» ,» SdS, S «: 

If +3 valence iron takes nla^o a. 

FeCl 3 . P ln reaction we get 


j 

FeCl 3 is called FERRIC chloride tu ■ 

US ,h„ the higher ..leuce hen ,., k * ^ >'"* 

does ZTin^tT ‘ S ™ ■ chloride, whet 
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WORKING WITH POLY ¥ALSNT ELEMENTS 

Chart I shows five elements that are polyvalent. It shows the different valences 
and the names that their compounds have. 

VALENCES OF METALS 


j 

Metal 

Lower 

Valence 

Name 

Higher 

Valence 

Name 

Iron 

Fe +2 

ferrous 

Fe 43 

ferric 

Mercury 

Hg-M 

mercurous 

Hg 42 

mercuric 

Copper 

Cu +1 

cuprous 

Cu 42 

cupric 

Gold 

Au +1 

1 aurous 

Au 43 

auric 

Tin 

Sn 42 

| stannous 

Sn 44 

stannic 


Chart I 

Use Chart I and what you have read to do these exercises. 

1 . How many valences does each of these elements have? — — — 

2. The name of each lower valence compound ends with — — 

3. The name of each higher valence compound ends with _____ — 

In a compound, “fen-” means iron. Which elements do these stand for? 

4. stann-_ 5- cupr-_ — 6 - aur ' 


Write the symbols and valences on Chart II. The first one has been done for you. 



Chart II 
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fni 

V 

ft 

ij- 

■I 

■r 

■i 


WSITINp FORMULAS 

Write the formula for each rotnhinatirm „ , 

one has belsn done for you. Th Wer * e questions. The first 

1 — — 



Circle the correct answer - ~~ ^ 

b] The name of this compound is Jerrous. iodide. 

| ferric 

c) Another name for this compound is iron 11 iodide. 

2. a) Hg** + Br -‘ » 

b) The name of this compound is mercurous bromide. 

mercuric 

c) Another name for this compound is bromide 



4. a} Cuf + S~ 2 * I 

hi Tire name of this compound is cuprous sulfide. 

cupric 

c] Another name for this compound is sulfide 


REACHING OUT 

Which | compound on this page is 
found in a familiar household product? 

Figure A 
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i is formula weight 


• ^ vep y compound has a formula. For example, H z O 
is ge formula for water NaCl is the formula for table salt. 
M 2 P 22 U 1 , is the iormuia for table sugar. 

Compounds are made of atoms. Atoms have weight 
1 neretore, compounds have weight. 0 

.. If we add the weight of all the atoms in a compound, 
wetfind the weight of one molecule of that compound. 

i The weight of one molecule of a compound is called 
its formula weight. It is also called its molecular weight. 

1 Let’s look at an example. 

How to find the formula weight of ferric oxide (Fe 2 0 3 ): 



One molecule of ferric oxide 
(Fe 2 0 3 ) has 2 atoms of iron and 
3 atoms of oxygen. 


! Number 

Element of atoms 

Irdn 2 

Oxygen 3 


Atomic weight 
rounded off 
(Weight of 
. one atom) 


Total weight 
of atoms 


FORMULA WEIGHT ! 
(Weight of one 
molecule of Fe 2 0 3 ) | 
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WORKING WITH FORMULA WEIGHTS 


Find the formula (molecular) weight of each compound that follows. Look 
up the symbol names and atomic weights. (You probably know the names of most of 
these symbols.) 

1. Sulfuric acid H. S0 4 



1 

Element 

Number 
of atoms 

Atomic 
; weight 

Total weight 
of atoms 


Hydrogen 

2 

j X 



Sulfur 

1 

! x 



Oxygen 

4 

: X 



Chart I 


Formula weight = 


2. Sucrose (table sugar) C t2 H 2 oOu 


Number Atomic Total weight 

Element of atoms weight of atoms 


Chart II Formula weight = 


3. Sodium bicarbonate (baking soda) NaHCCU 



Number 

Atomic 

Total weight 

Element 

of atoms 

weight 

of atoms 


Formula weight = 


Chart III 
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THE INSIDE STORY 

really more: difficult more difficult compounds. (You will find that they aren't 
Howido you handle , , , 

and this pah is followed h compound wllere part of the compound is in parentheses 
j i0Wed b ? 3 Script? Ca(N0 3 } 2 (calcium nitrate) is an example. 

Siepi FWd the number 

of atoms of fanSin 1 

each element >*«*■ l i>j U 3 )2 , 


The calcium, iQh is The nitrate 

outside the parentheses. needs some very easy fig- 
No special figuring is uring. 
needed. 

Simply multiply the 

This formula has one number of atoms of each ele- 
atom o/coicium. ment within the parentheses 

by the subscript ( 2 ). 


Ca = l atom 


i Nov| we can find the formula weight. 


So we have / 

Subscri pt 

N = 1 x 2=2 atoms 
0 = 3 xX=6 atoms 


Element 

Caiciufti 

Nitrogen 

Oxygen 


Number 
of atoms 


Atomic 

weight 


Total weight 
of atoms 


Chart IV 


164 

Formula Weight of 
one molecule of Ca(NO,i) a 


vVOEXlNCj WITH COMPOUNDS WITH PARENTHESES 

5 are §f Ven - Figure out the number of atoms of each element. 

1. Fe(N0 3 )i Fe 

I — 2. A1,(S0 4 ) 3 A1 _____ 
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WHAT DOES THE LARGE NUMBER MEAN? 

wh„ jssRs"* * c “ p “"' 1 * ■ ta tou ot 


What does the 2 mean in 2Na or 2NaCl? What does the 


3 mean in 3H, ? 


iook a. T soJe ar exampTe b s ? r ^ ^ '° each *** of atom by that number. Let's 

2 Na mea «s 2 atoms of sodium. 

L 2 NaCi I 2NaCl means two molecules of NaCl That m 

and two atoms of chlorine. Weans two atoms of sodium 

I 3H. , J Here we must mulffnfwthoo v tl 

p - mej x 2 - 1 here are 6 atoms of hydrogen. 

" r * ~ h °" ” h " dl * ' - both „ d . ,„ g . 

2Ca(NQ,) t | The 2 means two molecules of Ca(NOj). 

of jfc35S5 1 ”° h d "“ *“> »« ™ btbUtply Ihe 


C a 1 x 2=2 atoms 

^ { 1 x J&j x (g,^= 4 atoms 


0 3 x ® * r if ~ 12 atoms 

An important thing i 0 remember! 

or compound. A plus'slgn^^of an^t” telfsuTwherelh ' ** 1°"^ ^ that element 
ends. For example: S us where ( he value of the large number 

4Fe + 30« — 2Fe,0 3 

' The 4 in front of the Fe goes only with the Fe. 


T|e 3 in front of the 0 2 goes only with the O,. 


same moStfe* 2 ^ 0t ^ §0es with the F *h and the 0„ They are part of the 
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i s' Q 

O. M-t 

I,,,,.., . VW S , V .., V ,.. V ^S!,,-.... 

G OUT 

e formula weight of this compound: Fe(NH 4 ) 2 (SO.,},. 

|' 2. Find th 

s weight of the following: 2A1 j(S0 3 ) 3 

FIN 

D THE U se y° ur knowledge of atomic weights and simple math to find 
D/'TE an im P ortai d dais in history. 

1 

1. Step i Find the weight of 4 atoms of platinum (Pt). 

Step 2 Find the weight of 3 atoms of uranium (U). 

Step 3 Add Steps 1 and 2. 

Step 4 Find the weight of 2 atoms of hydrogen (H). 

Step 5 Subtract Step 4 from Step 3. 

What event took place during the year you have written for Step 5? 


[ 
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m w 


wa 4 **ach, 

elation? 


emicai 


You may (ear a h 

i f, tdl have paper. Each ow ° f pa P er int0 tiny pieces, but you 
the way the atoms am ijV S , Sti11 pa P er no matter how small, 
new products have been f 1 ® d £o 8 et h er has not changed. No 
ave not changed. Neither? 1116 .^' Properties of the paper 

A change h ke tea ■ 5 Us formula - 

j a Physical change n»? Pa P' 81 is ca hed a physical change. 
c an ® es ‘ "Phe chemical mat ^ *^ e a PP earan ce of a substance 
What happen wh ^ does not change, 
have paper. p a p er . g g you burn paper? You no longer 
i f d hydrogen. When nan P ° L Und made «P mostly of carbon 
i J 0m ., the air ■ Three pL^f, fa f ns ' if links U P with oxygen 
• dioxide. When paper fo ™-ash, water, and carbon 

i in ogether . New produr/ c 6re * s a c ^ an g e * n the way atoms 

A change like b Pr ° PertieS change - 

change. In a chemical chan** 1 *® Paper is called a chemical 
stance changes. New prod,? 8 ,®' J he ch emical makeup of a sub- 
: properties. Each one h as Tf ts form. Each product has its own 

L . * <*««„ =h,„ g8 "™ *-*• 

L e s or y of a chemical . Cau sed by a chemical reaction, 
ion. chemical equation ® 1 acdon is called a chemical equa- 
jstance(s) we start out with^f two thin S s; tU wh ich sub- 
en up with. and (2) which substance (s) we 

L The su hstan Ce or suh^ 

the reactants. The substam-* 911 ®® 5 we start out with are called 
$re called the products. 8 0r su hstances we end up with 

This is an example of ach . . 

p a c henucal equation: 
j. ™ s equation descriK * ^ 

uIT/tu 8 When a mixture ^ ttie Emical reaction that 
^eated. The Fe and S are the ° f ir ° n fFe) and sulfur (S) ^ 

18 the produ <* The arrow 8 reQCtan£s - The FeS {iron sulfide) 


L . The Properties of i Tn „ 
of iron or sulfur. r0il 


fWAl 

eans “produces” or “yields.” 
sulfide are different from those 


UNDERSTANDING CHEMICAL EQUATIONS 

Example 1 

Hydrogen can explode. 

When hydrogen explodes it links 
up with oxygen to form water. 

The equation below tells the story 
of this chemical equation. 


Study the equation. Then answer these questions. 

1. This formula has two reactants. Name them. _____________ 

2. The reactants are 

elements, compounds 

3. This formula has one product. Name that product. ________ 

4. The product is 

an element. a compound 

5. Name the states of matter. _ 

6. What is the state of hydrogen? 

7. What is the state of oxygen? 

8. What is the state of water? 

9. Are the properties of hydrogen the same as the properties of water? 

10. Are the properties of oxygen the same as the properties of water? 

11. In a chemical reaction, properties change. 

do, do not 
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12. a) Name the kinds of atom, n „ .. 

0n li,e rea «ant side of this 


equation. 


b) Name the kinds of atom* 

l0n5S0n the products 


13. a) The kinds of atoms on i 


j k fads of. atoms on the prodVcSt SMe ' 
hj> Are they in the same for m? 

i — 


Product side 


14. The link-up of the atoms . 


- changed. 


15. In this, reaction, atoms have 


*' 5sra '«ntak5V' 


16. In|a chemical reaction, the fink-up 0 f 


17. a) In a chemical equation 
| arrow. 

b) j The products are on the 


U P of the elements 


reactants are on the 


the same as the 


does, does no( 


change. 


Example 2 



Figure B j 


Ml 

l<k ! ELc 


Figure C 


Taijle salt (NaC!) is a white soiid 


. IS a white soiid 

sary r fo b r°M e COntalnS thiS Mlt “ is nec es- soiid 1°^ fN ° j iS 9 Very dan e erous 
sary tor hie. soiid, ft can explode in water. 


[ can explode in water. 


Swallowing sodium can cause 
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Chlorine (Cl) is a deadly greenish- 
yellow gas. If you inhale enough of this 
gas, you will die. 

Table salt can be melted. If an elec- 
tric current passes through melted so- 
dium chloride, a chemical reaction takes 
place. This the chemical equation for 
this reaction. 

J 2NaCl — * 2Na + CL> ] 

Study the equation. Then answer these questions. 

18. This reaction has one reactant. Name that reactant. _ 

19. The reactant in its natural state is a 

solid, liquid, gas 

20. The reactant _ dangerous. 

is. is not 

21. Name the products. 

22. What is the state of sodium? 

23. a) Is sodium dangerous? 

b) Are the properties of sodium the same as the properties of sodium chloride? 

24. What is the state of chlorine? 

25. a) Is chlorine dangerous? 

b) Are the properties of chlorine the same as the properties of sodium chloride? 

26. In a chemical reaction, properties change 

do. do not 6 

27. Name the kinds of atoms on the reactant side of this equation. 

28. Name the kinds of atoms on the product side. 

29. a) The kinds of atoms on the reactant side 

atoms on the resultant side. are - are not 

b} Are they in the same form? 

c) How are they different? Reactant side 

Product side 


the same as the 
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Figure D 






MATCHING Match the two lists. Write the correct letter on the line next to 
each number. 


1. 

chemical reaction 

2. __ 

_ — _ chemical equation 

3. 

__ — reactants 

4. 

products 

5. _ 

physical change 


a) substances that are changed in a 
chemical reaction 

b) does not produce new products 

c) produces new products 

d) new substances from a chemical 
reaction 

e) describes a chemical reaction 


IDENTIFYING THE PARTS OF AN EQUATION 

Look at the equation in the box. In each of the blanks below the equation, write 
reactant, product, or yield. 



Now look at the list below. There you will find the name of each substance 
in this equation. 

Write reactant next to each substance that is a reactant. 

Write product next to each substance that is a product. 

Sodium nitrate Sodium chloride 

Silver nitrate Silver chloride 

Now do the same for each of the equations that follow. 



Iron sulfate 
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2. 4HC1 + MnO, » MnCl 2 + 2H 2 0 + CI 2 

Chlorine j 

Manganese chloride 

Manganese dioxide ___ 

Water j 

Hydrochloric acid (Hydrogen chloride) 


3 - j H a SO,i + BaCi;, > 2HC1 + BaSO., 

Barium chloride 

Barium sulfate 

Hydrochloric acid (hydrogen chloride) 
Sulfuric acid (hydrogen sulfate) 


Br,+ 2KI 
Potassium bromide 


2KBr+ I, 


Iodine 



ruias 

2ZnS 

+ 30, ■> 2ZnO+ 2S0 2 


Oxygen J 
Zinc oxide 


Sulfur dioxide 
Zinc sulfide 


REACHING OUT 

Sodium %droxide reacts with hydrochloric acid (hydrogen chloride) to Dro- 
duce sodium chloride (table salt) and water. Write the equation that shows this reactfon. 
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Does a chemical reaction 
cl e stray in at ter? 


i In a chemical reaction, atoms change the way they are 
linked together. New products form. But are any atoms lost 
during the changeover? Is any matter destroyed? 

j The burning of wood and rusting are two examples 
of chemical reactions. 

, , . " Wooci burns - and a small amount of ash remains 
behind. 

] 3 A car rusts, and it looks like it’s wearing away. 

j It surely seems that some matter is lost. But is it really? 
This is how we can find out: 

: 1. Weigh the reactants. That means weigh all the 
substances that take part in a chemical reaction. 

2. Then weigh the products. That means weigh all 
the new substances that form. 

If there is a loss of weight, then we know that some 
matter was destroyed. 

If there is no loss of weight, then we know that matter 
was hot destroyed. 

In any chemical reaction, there is no weight loss. The 
weight of the products is the same as the weight of the re- 
actants. In other words, we end up with the same weight as 
we started with. This means that no matter was destroyed. 

;In a chemical reaction, matter is not destroyed. This is 
part of a scientific statement called the Law of Conservation 
of Matter. 

;Can matter be destroyed? Yes! But not in a chemical 
reaction. It takes an atomic or nuclear reaction to destroy 
matter. When matter is destroyed, it changes into energy. This 
is the idea behind atomic energy, 


UNDERSTANDING THE LAW OF CONSERVATION OF MATTER 


Look at Figures A and B. Then answer the questions. 



Wood, like paper, is made up mostly of carbon and hydrogen. 

When wood bums, it links up with oxygen. The reaction produces ash, carbon 
dioxide, and water vapor. (Heat energy is also produced. But energy has no weight.) 

Wood + Oxygen -* Ash + Carbon dioxide + Water vapor 

t. a} Name the reactants when wood burns. _ _ 

b) Name the products. 

2. Where does the oxygen come from? 

3. The ash remains behind. What happens, to the carbon dioxide and water? 

4. If the reactants weigh 10 kilograms, how much will the products weigh? 

5. is any matter lost? 

6. Is matter lost during any chemical reaction? 

7. in a chemical reaction, the weight of the products equals the weight of the 
In other words, “the weight you start with is the weight 

8. Name the scientific statement that tells us that matter is not destroj'ed during a 

chemical reaction. 
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the RUSTING of iron 



Figure B 


When iron rusts, it links up with 
oxygen. This is the formula for the re- 
action: 


4Fe 4- 30o ■> 

Iron Oxygen 

9. Name the reactants. 


2Fej03 

iron oxide* 
(HustJ 


10. Where did the oxygen come from? 

11- ^’ ner f is one product, a) What is its chemical name? 
y What is its common name? 


hoo.k at the equation. 


12 . 


~ 13. 


14. 


15. 


How many atoms of iron did we start with? 
What is the weight of nil the iron atoms? 
(The atomic weight of iron is 56.) 


How many atoms of oxygen did we start with? 
What is the weight of all the oxygen atoms? _ 
(The atomic weight of oxygen is 16.) 

Altogether, what is the weight of the reactants? _ 


a ) j How many atoms of iron did we end with? 
h) 1 What is the weight of all these atoms? 


16. 


17. 


a ) How many atoms of oxygen did we end with? 

b) What is the weight of all these atoms? 

Altogether, what is the weight of the product? 


tan 0! UUe is tt le same as p erm: c 


total weight of reactants 


total weight of product 


18. Is the weight of the product the same as the weight of the reactants? 

19. a) Was any matter lost? — — — — — 

b) How do you know? _ . 


20. Is any matter destroyed in a chemical reaction? — — — — 

21. What happens to atoms during a chemical reaction? ______ — 

22. The equation for rusting is a “balanced” equation. What do you think this means? 


Let's work with the equation in a different way. This time let s just count atoms. 
4Fe -h 3 0. — 2Fe 2 0 3 

23. Name the kinds of atoms of the reactant side of the equation. __ 


24. Name the kinds of atoms on the product side. 

25. The kinds of atoms on the product side the same as the kinds 

are. are not 

of atoms on the reactant side. 


26. How many atoms of iron are there on the reactant side? 


27. How many atoms of iron are there on the product side? 

28. How many atoms of oxygen are there on the reactant side? 


29. How many atoms of oxygen are there on the product side? 


30. 


a) The number of each kind of atom _ the same on both sides 

' , is. is not 

of the equation. 

b) If the number of each kind of atom is the same on both sides of the equation, 


then what else is equal? 


c) This shows that matter . 


destroyed. 
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was. was not 
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PROVING ?THAT MATTES. IS NOT DESTROYED DURING A 
CHEMICAL REACTION 


i I 




Wbat You Need to Know 

Everyone knows what a flashbulb 
is. It gives off a bright flash of light. It 
lets us take pictures where there is little 
light. 


Figure C 


• aluminum, hafnium, 
or zirconium 




A flashbulb contains oxygen and 
shreds of metal like aluminum, hafnium. 


or zirconium. 


Figure D 
Fresh flashbulb 



Figure E 
Used flashbulb 


When a bulb "goes off,” a chemical 
reaction takes place. The oxygen links 
up with the metal. This produces an 
oxide of the metal. For example, if the 
bulb contains aluminum, aluminum 
oxide forms. 


This is the equation for the reaction: 


4AI + 30 2 


2Ai,,0 3 (+ Light + Heat energy) 


Aluminum 

oxide 
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Whai You Weed balance scale 
6 volt battery 
two insulated wires 
asbestos pad 
fireproof cloth 
a flashbulb 



1. Weigh the bulb before you flash it. 
How much does the bulb weigh? 

____________ grams 



Figure F 


2. Place the bulb on the asbestos pad. 
Cover most of the bulb with the 
fireproof cloth. Keep only the end of 
the metal base uncovered. (Figure G) 

3. Flash the bulb. (Figure H) 

4. Uncover the bulb. Wait about one 
minute until it cools. Then weigh 
it again. (Figure 1) 

How much does the bulb weigh 



now? grams 

5. How much did the bulb weigh be- 
fore it was flashed? 

6. How much did the bulb weigh after 

it was flashed? 

7. A flashbulb "going off" causes a 
change. 

physical, chemical 

8. If a chemical reaction destroys mat- 
ter, then the bulb would become 

heavier, lighter 

9. Did the bulb become lighter after it 

was flashed? 

10. Matter destroyed. 

was. was not 

11. A chemical reaction 

destroy matter. does ' does no ' 


Figure I 
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BALANCED OR NOT BALANCED? 



1 . Which equations are balanced? 

2. Which 

3. Which 


Four equations are listed below. 
Two are balanced. Two are not. Figure 
out which ones are balanced. (Hint: 
Counting atoms is the easiest way.) 

Equation 

I Zn + H 2 S0 4 ZnS0 4 + H 2 

II Mg + 0 2 > 2MgO 

ill Na 2 S + 2HC1 ■> 2NaCl+H,S 

IV H 2 S+S0 2 3S+2H 2 0 


1 ? 


equations show the Law of Conservation of Matter? 


4. Which {equations do not show the Law of Conservation of Matter? 


5. Which {equations are not possible? 



Figure K Uranium fuel 


How ban we show that a chemical 
back at the flashbulb experiment.) 


REACHING 


JV l 


A nuclear reaction destroys mat- 
ter. Nuclear fuel, like uranium, changes 
to energy. 

However, no kind of reaction- 
nuclear or chemical — is known to create 
matter. 


reaction does not create matter? {Hint: Look 
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AIM 


What is a 
reaction? 


time Airier are happening around you all the 

These are rust f UrnS ', A CSI rUSts ' Food s P oils ‘ Leaves decay. 
{ X hese are Just a few chemical reactions. 

nlarp im P° rtant chemical reactions take 

”“=S' T hei - h »PP«»»8 this moment, 
of vour trillinn leal process. So is respiration. In every one 

all the timp t -f u CS S ’ c ^ em ‘ ca ^ reactions are taking place 
all the time. Life depends upon chemical reactions. 

is the rUd) pc ft S f of cilena ical reactions. One kind 
a outtine tnoMh ^ sis ^ reaction. "Synthesis” means 
usually eiempniA , Syntilesis reaction combines substances, 
?o£s y : ZT ’ ° f u m 3 Com P° und - When the compound 
P^aiSi Below is , -If 

A + b — > AB 

E ' eme,H * — Compound 

Let s study two synthesis reactions. 

, ING When iron rusts, it combines with oxygen. 

Remember this equation? 

yxygen (01 iron 1F 8 | 4Fe + 30o » 2FSo0 3 

Iron + Oxygen -> Iron oxide 

j ~ ' Element + Element -—■??-> Compound 

elemenf carbon^n Charcoal is made of the 

oxveen This ^ en carbon bums, it combines with 

oxygen This pro duces the gas carbon dioxide (CO,), 
n — r — — t 1 - 1 


f A 5 0>1V9e " (0> u + 0 2 — - C0 2 

■ ^ cartlon ic) Carbon + Oxygen Carbon dioxide 

. 10 ' 0rrn 
v.ii — tUi,iv r»i 

merit + Element c Compound 

reaction. Nb ' ^StteMs'Slf J‘ k &™ y ° the ' k ‘! <l ° f ch “ llc * 1 
aion« just ch.ttg, their — b d “ tol,eA Tl *' 


Carbon + Oxygen - nk - 1 . 11 . 

lo form 
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UNDERSTANDING SYNTHESIS REACTIONS 



Figure A 


Look at Figures A, B. and C, and 
read the explanation. Then answer the 
questions with each. 

When hydrogen explodes, it com- 
bines with oxygen. 

Water is produced. 

The equation shows what happens: 
H* + 0 2 * H 2 0 

Hydrogen + Oxygen * Water 


Hydrogen is . 


an element, a compound 


2. Oxygen is ; r 

an element, a compound 


Water is . 


an element a compound 


4. Is the formation of water a synthesis reaction? — 

5. Why is the formation of water a synthesis reaction? 


6. A compound has at least one metal and one nonmetal. In the synthesis of water, 
which is the metal, hydrogen or oxygen? (Hint: Look at the formula for water.) 



Figure B 


When powdered sulfur and iron 
filings are heated together, they f orm 
iron sulfide, 

This equation shows what hap- 
pens: 

Fe + S — -» FeS 

Iron + Sulfur Iron 

sulfide 

7. Iron is __ — • 

an element, a compound 

8. Sulfur is — — ; 

an element, a compound 

9- Iron sulfide is — — — - — 

an element, a compound 

89 






Equation I C0 2 + C » 2 CO, 

Equation II CO, +ftO » H 2 CO s 

3. How is Equation I different from the other synthesis equations in this Aim? 

4. How is Equation II different from the other synthesis equations in this Aim? 

IDENTIFYING SYNTHESIS REACTIONS 

Ten equations are listed below. Some are synthesis reactions. Some are not. 
Make a check (/) in the correct box next to each equation. 

! A Not a 

Equation Synthesis ' Synthesis 

Reaction Reaction 

1. 2K + Br 2 > 2KBr [ 

2. 2H 2 0 > 2H, +0. ; j 

3. NaCl » Na + Ci • \ 

' 4. 4Au + 30 2 > 2Au 2 0 3 i f 

5. 2Na + 2HCi » 2NaCl + H, I 

6. Cu + Br 2 > CuBr 2 

j- 7. Zn + S * ZnS 

8. 2Na + Br, ► 2NaBr i 

9. 2HgO * 2Hg +0, ' j 

j 10. 2Na + 1, * 2NaI ' j 

TRUE OS Write T on the line next to the number if the sentence is true. 
FAIr^*’ Write F if the sentence is false. 

1. There is only one kind of chemical reaction. 

2. A synthesis reaction separates a compound into its elements. 

3. The reactants of every synthesis reaction are elements. 

4. The product of a synthesis reaction is a compound. 

5. Chemical reactions take place only in the laboratory, 
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If REACHING OUT 

W-- | 

Most- compounds made of only two elements have names ending in -ide. For 
k : : example: 

ftp 

«vt 

NaCl = sodium chloride 
|L : K,S = potassium sul/ide 

j!i ; C an you name these compounds? 


; Formula Name 


; 1. ' 

CaO : 

' 2 . j 

K1 

3 . ; 

NaBr 

: i 

: 4. ; 

j j 

AgF 

! 5. 

vlgCl 

£ 

Y/’ORD The words in this list are hidden within the groups of letters. 
T A RCF t0 ^ inc * eac ^ wor< I- When you find it, draw a line around the 

-JJ " word. The spelling may go in any direction. 


MATTER 

POLYVALENT 

RADICAL 

WEIGHT S 

REACTANT 

FORMULA 

PHYSICAL 

PRODUCT f 

YIELDS j 

CHEMICAL 


C 

T 

L 

A 

C 

I 

S 

Y 

H 

P 

A 

H 

0 

N 

L 

A 

C 

I 

M 

E 

H 

C 

I 

Y 

I 

E 

L 

D 

S 

C 

N 

0 

D 

M 

5 

C 

A 

L 

U 

M 

R 

O 

F 

M 

T 

N 

A 

T 

C 

A 

E 

R 

T 

T 

Y 

N 

E 

L 

E 

H 

W 

V 

H 

G 

C 

L 

R 

I 

A 

L 

D 

E 

A 

Y 

L 

u 

L 

A 

L 

R 

A 

D 

I 

C 

A 

L 

D 

I 

I 

S 

Y 

R 

A 

G 

L 

E 

Y 

0 

M 

J 

E 

R 

R 

Y 

H 

D 

W 

I 

R 

P 

C 

L 

R 

E 

T 

T 

A 

M 

E 

P 

I 
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AIM What is a decomposition 
15 reaction? 


Synthesis reactions build compounds. Anything that 
c$n be built can also be taken apart. The breakdown of a com- 
pound into simpler substances is called decomposition 
[DEE com puh Z1SH un]. Decomposition is a chemical process. 

Let’s look at two examples. 

1. Common table salt (sodium chloride) is a com- 
pound. It is composed of the elements sodium and chlorine. 

Sodium chloride can be melted. If electricity is passed 
through melted sodium chloride, it decomposes. The mole- 
cules unlock. They change back to atoms of sodium and 
chlorine. This equation shows the reaction: 

2NaCl 2Na + Cl 2 

Sodium chloride Sodium Chlorine 

(compound] (element) (elemenlj 

The decomposition of a compound by means of elec- 
tricity is called electrolysis [i lek TROL i sis]. Only certain 
compounds can be decomposed by electrolysis. Usually these 
compounds are liquids. 

2. Potassium chlorate (KCIO^J is a compound. It is 
composed of the elements potassium, chlorine, and oxygen. 

Heat decomposes potassium chlorate. Potassium chlo- 
ratp changes to oxygen and potassium chloride (a simpler 
compound). This equation shows the reaction: 

2KC1Q, * 2KC1 + 30, 

Potassium Potassium Oxygen 

chlorate chloride {element) 

{compound) (a simpler 

compound) 

Notice that the decomposition is not complete. The 
oxygen has been separated. But the potassium and chlorine 
are, still joined to form the compound potassium chloride. 
Another kind of decomposition reaction can separate potas- 
sium chloride into its elements. 

Only certain compounds are decomposed with heat. 


UNDERSTANDING DECOMPOSITION REACTIONS 



7. Hydrogen is in the 

solid, liquid, gas 


Look at Figures A and B. Then answer 
the questions or fill in the blanks. 

Electrolysis decomposes water. This 
is the equation for the reaction: 

2H 2 0 2H 2 + 0 2 

Water Hydrogen + Oxygen 

1. What is the formula for water? 

2. Water is 

art element, a compound 

3. Name the elements that make up water. 


4. a) Name the process that decomposes 

water. 

b) What kind of energy is used? 


5. When water decomposes, it changes to 
the elements and 


6 . 


Water is in the 
state. 


solid, liquid, gas 


state. 


8. Oxygen is in the - state. 

solid, liquid, gas 

9. Which is simpler, water or the atoms that make up water? 

10. Decomposition — compounds. 

builds up, breaks down 

11. Can electrolysis decompose every compound? 

12. Name another compound that can be decomposed with electrolysis. 


13. A compound that can be separated by electrolysis must be in which state of matter? 
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Kook at Figure B. 

Mercuric oxide is a solid. Heat decomposes mercuric oxide. This is the equation 
for the ^reaction: 


2HgO -iSS-, 2Hg + 0 2 

Mercuric Mercury + Oxygen 

oxide 

14. What is the formula for mercuric oxide? 

15. Mercuric oxide is 

an element, a compound 

16. Name the elements that make up mercuric oxide. — — 

17. What kind of energy decomposes mercuric oxide? 

18. When mercuric oxide decomposes, it changes to the elements 

arid 
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20. Mercury is in the 


solid, liquid, gas 


state. 


21. Oxygen is in the state. 

solid, liquid, gas 

22. Which is simpler: mercuric oxide or the elements that make up mercuric oxide? 


23. The mercury 

stays in the test tube, escapes into the air 

24. The oxygen 

stays in the test tube, escapes into the air 

25. Can heat decompose every compound? 

26. Name another compound that can be decomposed by heat. 


COMPLETING Complete the sentences with the choices below. 

SENTENCES 

heating mercuric oxide electrolysis 

potassium chlorate synthesis molten sodium chloride 

liquid fewer decomposition 

simpler water 

1. The combining of substances to form a. compound is called — 

2. The breakdown of a compound into simpler substances is called — 

3. Two methods used to decompose compounds are — and 


4. For a compound to decompose by electrolysis, it must be in a 
state. 

5. Two compounds that can be decomposed by electrolysis are 

and 

6. Two compounds that can be decomposed by heat are 


7. Atoms are than molecules. 

8. KC1 is a simpler compound than KC10 3 because KC1 has 
ments and atoms. 


ele- 
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and 


MATCHING Match the two lists. Write the correct letter on the line next to 
^ ■* i i “ each number. 


1. 

2 . 

3. 

4. 

5. 


synthesis reaction 
decomposition reaction 
electrolysis and heat 
electrolysis 
an element 


a) breaks down compounds 
b} uses electricity 

c) methods of decomposition . 

d) simpler than a compound 

e) builds compounds 


IDEMTilfnriG oS COMPOSITION REACTIONS 

fen ! chemical equations are listed below. Some are decomposition reactions. 
Some are not. Mark a check (/) in the correct box next to each equation. 


Equation 


Decomposition 

Reaction 


Not a 

Decomposition 

Reaction 


1. CuCU 

2. 3Hf+2N 2 


Cu + Cl, 
— » Hf 3 Nj 


3. Zn -tt 2HC1 

4. HjCOg ” 

5 . 2NadH — 


ZnCl, + H, 


H,0 + CO, 


8. 


Fe+)S 


2Na 4- 0 2 4- H, 


FeS 


7 , CaCOg 

8. 4P +j SOj 


CaO 4- CO 2 


2P,O s 


9. C4-0J 


C0 2 


10 , CaipHlj 


CaO 4- H„0 


•aCH-MG OUi 


K. 

1 . Does boiling decompose water? 
Z . What does boiling do to water? 
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What is a replacement 
reaction? 


Imagine that three children are playing. 



Two are holding The child that was Now a different 
hands. The other is alone now joins the child is alone, 
alone. others. He takes the 


place of one of the 
children. 

We have the same children that we started with. But, 
now they are arranged in a different way. 

Some chemical reactions work like this. A free element 
takes the place of or replaces another element of a compound. 

The element that was replaced is now “free." 

A + BC » AC + B 

i free elemenl compound new compound new free element 

Let’s study an actual replacement reaction — one be- 
tween zinc fZn) and hydrochloric acid [HC1). 

The zinc is the “free” element. The hydrochloric acid 


is in the compound. 


r i 

Zn + 2HC1 — 

1 ( 

-> ZnCL + H, 

t 

The zinc replaces 

The hydrogen is set free. 

{he hydrogen. 

The reaction produces a 

new compound, zinc chloride 


(ZnCij), and free hydrogen (H,). Notice that the elements we 
started with are the elements we ended with. They are just 
arranged in a different way. 

This kind of reaction is called a single replacement 
Reaction. In a single replacement reaction, a free element 
replaces a different element of a compound. 


UNDERSTANDING SINGLE REPLACEMENT REACTIONS 

What You Need 
iron nail 

copper sulfate solution 
beaker 

How To Do The Experiment 

Place an iron nail in cop- 
per sulfate solution. 

Remove the nail in a few 
minutes. 


What You Saw 

The nail is coated with 
copper. 

This is the equation for the reaction. 

r~“ 

Fe + CuSO, » FeSO, + Cu 

I J 

Iron Copper suifase iron suifate Copper 

Figure A 





Answer these questions. 


1 . 

2. 

3. 

4. 


5, 


Name the free element we started with. 
Name the compound we started with. 
Name the free element we ended with. 
Name the compound we ended with. _ 

a) Which element did the iron replace? 

b) What happened to this element? _ 
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6. What do we call this kind of chemical reaction? — 

7. What happens during a single replacement reaction? 
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IDENTIFYING SINGLE REPLACEMENT REACTIONS 


Six equations are listed below. Some are single replacement reactions. Some 
are not. Mark a check (/) in the correct box next to each equation. 


Single Not a single i 

replacement replacement \ 

Equation reaction reaction 

1 . 

C + 2S * CS,. 

2. 

H.O, ► H 2 + CL 

3. 

2A1+6HC1 » 2A1C1,+3H 2 

4. 

2K+CI, * 2KCI 

5. 

Zn + PbO > ZnO + Pb j 

6. 

Fe + CuS0 4 » FeSO., + Cu 


double Replacement reactions 

A single replacement reaction takes place between an element and a compound. 
The free element replaces one of the elements of the compound. This produces a new 
compound and a new free element. 

A + BC ‘ AC + B 

\ free element compound new compound new free element 

A double replacement reaction takes place between two compounds. A part 
of one compound changes place with a part of the other compound. 


Let’s iise playing children as models again to see what happens. 



Children A and B stand Children C and D stand Child A changes place 

for compound AB. for compound CD. with child C. 



What do we have now? Instead of compound AB + CD, we have two new com- 
pounds — CB and AD. 

When there are two changeovers, a double replacement has taken place. 
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Now let's study an actual double replacement reaction — the reaction between 
sodium hydroxide (NaOH), and hydrochloric acid (HC1). 

f j 

NaOH + HC1 — » NaCi + HOH* 

1 I 

» The sodium and hydrogen change places. 

a Two new compounds form — NaCl (common table salt) and HOH (water). 

Now you try. Read each equation carefully. Then answer the questions or fill in 
the blanks with each. 

Equation I. BaCL + Na 2 S0 4 — - * BaSO* + 2NaCl 

Barium Sodium Barium Sodium 

chloride sulfate sulfate chloride 

1. Name the reactants. 

2. The reactants are 

ail elements, all compounds, an element and a compound 

3. The barium changed places with the 

sulfate, chlorine, sodium 

4. Name the products. 

5. The products are _ __ — 

all elements, all compounds, an element and a compound 

6. What kind of chemical reaction is this ? 

7. Double replacement is the reaction of two * to form two new 

Equation II. AgNO,-j + NaBr * AgBr + NaN0 3 

Silver Sodium Silver Sodium 

nitrate bromide bromide nitrate 

8. Name the reactants. 

9. The reactants are 

all elements, all compounds, an element and a compound 

10. The silver changed places with the 

sodium, bromine, nitrate 

11. Name the products. 

12 . The products are 

ail elements, all compounds, an element and a compound 

13. What kind of chemical reaction is this? 

*The formula for water may be written HOH as well as H ; 0. 
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IDENTIFYING DOUBLE REPLACEMENT REACTIONS 

Eight equations are listed below. Some are double replacement reactions. Some 
are not. Mark a check (/) in the correct box next to each equation. 


Double Not a double 

replacement replacement 

Equation reaction reaction 


1. 

Mgj[OH,) +2HC1 

— — MgCl, + 2HOH : 



2. 

C 6 Hi»0 5 +H 2 0 

* 



3- 

NaiSOj + BaCl 2 

>• 2NaCl + BaSO, 



4. 

3 Mg + N ; > > 

Mg 3 N 2 



3. 

H-SOh + BaCli - 

* 2HC1 + BaSCL 



f 

6. 

Zn(tOfl * ZnO + CO 2 



7. 

CuSO, + H-S > H 2 SO^ + CuS 



8, 

NH.,KO, 

2HfcO + N 2 O 




i. 

i 


IDENTIFYING CHEMICAL REACTIONS 


Ten chemical equations are listed below. Identify each kind of reaction: syn- 
thesis, decomposition, single replacement, or double replacement. 



Equation 

Kind of reaction 

1. 

N 2 +3H 2 » 2NH 3 


2. 

2Br 2 + 2H 2 0 

* 4HBr + 0 2 


3. 

Mg + ZHC1 » MgGlj+H, 


4. 

2KBr + H 2 SO 4 

» K 2 SO 4 + 2HBr 


5. 

h 2 so| > 

HgO -f SOj 

j 

6. 

Na 2 S + 2HC1 

» 2 NaCl + H 2 S 

f 

7. 

2 Na + 1 » > 

2NaI 

j 

8. 

NaCi + AgNO, 

♦ NaNOj + AgCl 

1 

— 

9. 

h 2 +cu — ♦ 

2HC1 


10 , 

h 2 co 5 * 

H,0 + C0 2 

1 

j 
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What are oxidation and 
reduction? 


Oxidation and reduction are opposite kinds of chemical 
reactions. 

Oxidation takes place when oxygen combines with 
another substance. 

i F' or example, when a flashbulb goes off, oxygen com- 
bines with aluminum. 

The aluminum becomes oxidized. Aluminum oxide 
(A1 2 0 3 ) forms. 

4A1 + 30 2 * 2A1,0 3 

Aluminum Oxygen Aluminum oxide 

Reduction takes place when oxygen separates from ! 
a compound. 

For example, electrolysis decomposes molten alu- 
minum oxide (Al,0 3 ). The oxygen separates from the alumi- 
num. We say the aluminum oxide is reduced. 


Aluminum oxide 


Aluminum 


+ 3 O 2 

Oxygen 


Here is another reduction equation. Notice what hap- 
pejus to the oxygen. 

2Fe 2 0 3 + 3C » 3 CO. + 4Fe 


The oxygen has separated from the iron. But the oxygen 
is .not free oxygen. It is now part of the compound carbon 
dioxide. It makes no difference whether the separated oxygen 
becomes free oxygen or part of a new compound. As long as 
oxygen is separated from a compound, the reaction is reduction. 


UNDERSTANDING OXIDATION AND REDUCTION 


Look at Figures A and B, Study the equations. Then answer the questions or 
fill in the blanks with each. 

The burning of carbon 

The equation describes what hap- 
pens when carbon burns: 

C + O, * CO, 

1. Name the elements that react to- 
gether when carbon burns. 


2. a) When carbon bums, oxygen — the carbon. 

combines with, separates from 

b) What product forms? ______ 

3. In oxidation, oxygen another substance. 

combines with, separates from 

4. In reduction, oxygen 

combines with, separates from 

compound. 

5. a) When carbon bums, the carbon 

is ■ 

oxidized, reduced 

b) This is because the oxygen 

the 

combines with, separates from 

carbon. 

The electrolysis of water 

The equation for the electrolysis 
of water is: 

2HjO * 2H, + 0 2 

6. Name the elements that make up 

water. ! 


7. Electrolysis 

forms, decomposes 

water. 



Figure B 



Figure A 
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8 . 

9. 

10 . 


When water decomposes, oxygen 

combines with, separates from 

The separation of oxygen from a compound is called 


hydrogen. 


oxidation, reduction 


a) in the electrolysis of water, the hydrogen is 

b) This is because the oxygen 


oxidized, reduced 
with, separates from 1116 hydrogen. 


ANOTHER WAY OF EXPLAINING OXIDATION AND 
REDUCTION 

: Oxidation combines oxygen with another substance. 


: Reduction separates oxygen from a compound. 


! This is true. But to a chemist, oxidation and reduction mean even more A dhemi' 
thinks of oxidation and reduction m terms of electrons gained or electrons lost. 

I To a chemist. 


The burning of carbon 



Figure C 

Figure C show's what happens when carbon burns. 


Oxidation means a loss of electrons. 
Reduction means a gam of electrons. 


| The reaction may or may not involve oxygen. This means that oxidation and 
reduction can happen without oxygen. All (hat is needed is a loss of electrons by one 
atom land the gain of electrons by some other atom. 


Oxidation and reduction always happen together. It’s 

nno f/lCPC O Iprlrnno oAr../. . 


. . « t L ' " rt it’s easy to understand 

why. . . When one atom loses electrons, some other atom gains them. 


Let’s look at the burning of carbon and the electrolysis of water a°ain This 
time, |look in terms of electrons gamed and electrons lost. ° 

Look at Figures C and D. Answer the questions or fill in the blanks with each. 


1. When carbon burns, the carbon electrons and the oxygen 

lends, borrows 


electrons. 

lends, borrows 


2. When carbon bums, the carbon electrons and the oxygen 

gains, loses 


electrons. 

gains, loses 


3. Oxidation is the of electrons. 

gain, loss 


4. Reduction is the — of electrons. 

gain, loss 


5. When carbon burns, the carbon is — and the oxygen is 

oxidized, reduced 


oxidized, reduced 

8. Oxidation and reduction happen together because electrons 
by one atom are by some other atom. 
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by one atom are 
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The electrolysis of water 



Electrolysis . 


. water. 


forms, decomposes 

8. When water decomposes, electrons move from the 


hydrogen, oxygen 


to the 


] hydrogen. oxygen 

9- The hydrogen _ 
electrons. 


gains, loses 


electrons and the oxygen 


gains, loses 


10. Oxidation is the 0 f electrons. 

gain, loss 


11. Reduction is the . 


. of electrons. 


12. Dpring the electrolysis of water, the hydrogen is and the 

oxidized, reduced 


oxygen is „ 


oxidized, reduced 

13. Why do oxidation and reduction always happen together? 


COMPLETING Complete the sentences with the choices below. 

SENTENCES 


gain loss linkup 

i° ses together oxygen 

separation gains 

1. Oxidation has more than one meaning: 

a) Oxidation is the of oxygen with some other substance. 

b) Oxidation is also the _ of electrons. 

2. Reduction has more than one meaning: 

a) Reduction is the — of oxygen from a compound. 

b) Reduction is also the of electrons. 

3. Oxidation does not have to involve 

4. Oxidation and reduction happen 

5. In a chemical reaction, when one atom electrons, and some 


other atom them. 

SLOW AND RAPID OXIDATION 



Figure E Figure F 

Rusting is an example of slow oxidation. Fire is an example of rapid oxidation. 


Any kind of burning is oxidation. There is slow oxidation and rapid oxidation. 
1. Why is any kind of burning oxidation? 


2. Which kind of oxidation gives off light and heat? 
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OXIDATION OR REDUCTION? 

■ ec5uation J is ^ below is either an oxidation or a reduction reaction. Which 

one is it? Put a check (/) m the correct box next to each equation. 


Equation j Oxidation j Reduction j 

1 1. ' 

2Ba + 0, * 2BaO i ! 

2. 

2HgO » 2Hg+0, i | 

3. ■ 

- Zn0 + C » Zn + CO 1 I 

: 4. 

4Na + O, » 2Na.,0 i ! 

i s. 

CuO+H, » Cu+h, 0 ! i 

6. 


N* + 0,, * 2 NO 1 f 

j 7. ’ 

4Ag + 0, > 2Ag 2 0 i 1 

; 8. ! 


Sn0 2 + 2C » Sn + 2C0 

j 9. t 

C + 0 ; , CO, 1 j 

10. 

Fe 2 0, +3CO . 2Fe + 3CO, i [ 




REACHING OUT 


Beryllium links up with sulfur to 
form beryllium sulfide. 

Be + S * BeS 

No oxygen is involved in this re- 
action. Yet it is an oxidation-reduction 
reaction. 

Why is this an oxidation-reduction 
reaction? 








Figure G 



ml is an ore r 


Towering skyscrapers, graceful bridges that support 
millions of kilograms, huge ocean liners, trucks, trains, food 
cans, even ballpoint pens . . . these are part of our modern 
world. They all have one thing in common. They could not 
be possible without metal 

Modern civilization depends upon metals. Yet, we take 
| them for granted. Did you ever wonder where metals come 
from? 

Most metals are found in the earth’s crust. (We live on 
the earth’s crust.) A few metals, like gold and silver, are 
found as free or native minerals. That is, they are not part of 
any compound. Most minerals, however, are combined 
chemically with other elements. They are part of mineral 
compounds. 

Mineral compounds may be decomposed. This frees 
the metals so we can use them. 

A mineral that can supply a useful metal at reasonable 
cost is called an ore. 

There are three main groups of ores: oxides, sulfides, 
and carbonates. 

3 Oxides are compounds of oxygen. Hematite is an 
example of an oxide ore. Hematite, or iron oxide (FejOj), 
is the chief iron ore. 

8 Sulfides are compounds of sulfur. Galena is an ex- 
ample of a sulfur ore. Galena, or lead sulfide (PbS), is the 
chief lead ore. 

8 Carbonates are compounds containing the radical 
C0 3 . Smithsonite is an example of a carbonate ore. Smith- 
sonite, or zinc carbonaie (ZnC0 3 ), is an important zinc ore. 

There are several ways to separate ores. The method 
used depends upon the ore. You will learn how metals are 
separated from their ores in the next Aim. 

The science of separating metals from ores is called 
metallurgy [METuhlur jee], A scientist who studies metals 
is called a metallurgist. 
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Some ores are mined deep in the ground as in Figure B. However, most ores 
are mined on the surface. This is called open-pit mining. Figure C shows a huge open- 
pit mine. 


4. Many minerals contain metal. 

a) Is every mineral that contains a metal an ore? 


b) Why or why not? 


IDENTIFYING METALS FROM THEIR OEJSS 

The chart below lists some important ores and their formulas. 

Which metal do we get from each ore? Look at the formulas. See which metals 
are shown. 'by their symbols. Write your answers in the column next to the formulas. 
Then decide if the ore is an oxide, sulfide, or carbonate. Write your answers in the 
last column. 


r 

i 

i 

Ore 

Formula 

Oxide, Sulfide, 
Metal 1 or Carbonate? 

i. 


lematite 

Fe 2 0 3 



2 . 


jalena 

PbS 



3. 


innabar 

HgS 

1 

■ 

4. 

siderite 

FeC0 3 



5. 

bauxite 

AI 2 O 3 



6 . 

cassilerite 

SnO, 



7. 

magnesite 

MgC0 3 i 

} 


8 , 

Smithsomte 

ZnCO 0 | | 

9, 

uraninite 

UO, 



10 . 

litharge 

PbO 



11 . 


nagnetite 

Fe 3 Cb 



12 . 

\ 

phaierite 

ZnS 



13. 

\ 

uprite 

Cu 2 0 



14. 

] 

imonite 

Fe,0 3 



15. 

; 

incite 

ZnO 



16. 

i 

nyrite 

FeSj 





1 . Most of the earth’s crust is made up 

of 

metals, nonmetals 

2 . The most common element of the 

earth's crust is 

3 . The second most common element 

of the earth's crust is — — — 

4 . a) Together, oxygen and silicon 

make up per- 

cent of the earth’s crust. 

b) Write this percent as a fraction. 


5 . a) The most common metal of the earth’s crust is — — — 

b) What percentage of the crust is it? _ — _ 

6 . a) The second most common metal of the earth s crust is 

b) What percentage of the crust is it? 

7 . The six metals named in this graph make up about what percent of the earth s 

crust? — 


MATCHING Match the two lists. Write the correct letter on the line next 
to each number. 


ELEMENTS OF THE EARTH’S CRUST 

The; pie graph in Figure D shows the percentage of the most common elements 
that make iup the earth's crust. 

Study the graph. Then answer the questions. 


1 . 

crust 

a) 

iron ore 

2 . 

carbonate 

b) 

lead ore 

3. 

hematite 

c} 

the part of the earth on which we 

4. 

smithsonite 


live 

5. 

galena 

d) 

zinc ore 
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COMPLETING Complete the sentences with the choices below. 
SENTENCES 


crust 

metallurgist 

decomposed 

minerals 


sulfides 

gold 

carbonates 

more 


1 . Most metals are found in the earth’s 


ore 

silver 

oxides 

metallurgy 


2. Metals found not combined with other elements are called native elements or 

native _ 1 

3 . Examples of native minerals are and 

4. Most minerals are made up of than one element. 

5 . To separate a metal from its mineral, the mineral must be 

6. A mineral that can supply a useful metal at reasonable cost is called an 


7 . Most ores are compounds called or 


8. The study of taking metals from ores and making them useful is called 


9. A scientist who studies metals and ores is called a 


REACHING OUT 

1. What does recycle mean? 

2. Why should metals be recycled? 

Figure E 
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AIM 

i ri 


How can' we free a 
from its ore? 


metal 


Can we use copper ore right out of the ground to 
make a copper wire? Of course not. A metal must be separated 
from its ore before it can be used. The method used to separate 
an ore depends on its chemistry. 

First let’s look at oxide ores. The metal of an oxide ore 
i^ combined with oxygen. To free the metal we must reduce 
tlie ore. Reduction removes the oxygen and frees the metal. 
Carbon may be used to reduce an oxide ore. We call the carbon 
a reducing agent. The carbon is heated with the ore. 

Let’s look at how carbon can reduce copper oxide ore 
when we heat them together. 


fri r 
e! 

O ! 

d | 

p t 


REDUCTION 


2CuO 4* C 

Copper Carbon 
oxide 


2Cu + C0 2 


Copper 
(free metal} 


Carbon | 
dioxide: 


>c 

Q m this reaction the carbon and oxygen link up to form 
carbon dioxide. This sets the copper free. 

Metals cannot be freed so easily from sulfide and car- 
bonate ores. It takes two steps: 1. The ores are heated in the 
open air. This is called roasting. Roasting turns the sulfide 
qr carbonate ore into an oxide. 2. Then the oxide can be re- 
duced. The metal is set free. Look at the examples below. 


-a 


a 

o 

W 

S 
E 

43 

- 

cp U 


a> 

a 

Oh 

o 


Step 1 

2CuS + 20, 

2CuO + 2S0 2 

ROASTING 

Copper Oxygen 

sulfide 

Copper 

oxide 

Sulfur 

dioxide 

Step 2 

2CuO + C 

2Cu 

+ CO, 

REDUCTION 

Copper Carbon 

oxide 

Copper 
(free metal) 

Carbon 

dioxide 


gj <D 

<P -S 

£-h O 
> *0 
<, 

j? cO 
fc 1 o 


O 

m 

a; 

O 


Step 1 
ROASTING 

ZnC0 3 — - ZnO + C0 2 

Zinc Zinc Carbon 

carbonate oxide dioxide 

Step 2 

REDUCTION 

2 ZnO + C — » 2Zn + C0 2 

Zinc Carbon Zinc Carbon 

oxide (free metai) dioxide 


HOW WE FREE METALS FROM OXIDE ORES 

Look at Figures A and B and read 
the explanations with each. Then answer 
the questions. 

Freeing capper from copper oxide 

Figure A shows how copper oxide 
can be reduced in a laboratory. 

1. What ore is being reduced? 

2. What is the reducing agent? 



3. What gas is released? 


4. What metai is freed? 


Freeing iron from iron oxide 

lion oxide ores are usually reduced 
in huge blast furnaces at high tempera- 
tures. 

Figure B shows what happens 
when the iron ore hematite (Fe,0 3 ) is 
reduced. 

Follow the decomposition of 
hematite step by step. 

Step 1 Coke (a form of carbon) and 
hematite are put into the furnace. The 
coke burns. 


Figure A 



C + 0 2 » CO, Figure B 

5. When coke (carbon) bums, it combines with ^ ygM , carbon diofrd ? 


6. When carbon links up with oxygen it forms 


carbon dioxide, hematite 







Step 2 Some of the carbon dioxide and the carbon react together. 

C0 2 +■ C » 2CO 

Carbon monoxide 

7. When carbon dioxide and carbon combine they form . 


oxygen, carbon monoxide 


Steo 3 The carbon monoxide reacts with the iron oxide. 



FeA + 3 CO j — * 2Fe + 3CO. 

8. What gas does this form? 

9. Whatpuremetalissetfree? . 


10. The reducing agent in this reaction is 


carbon, carbon dioxide, carbon monoxide 

After reduction, molten metal is often poured into molds called pigs. 


Figure C 


HOW WE FEES METALS FXGM SULFIDE OjkJS 



Purpose 


To free the copper from 
copper sulfide (CuS) 


What You Need 



10 grams copper sulfide 

powdered charcoal (carbon) 

crucible 

ring stand 

wire gauze 

Bunsen burner 

Pyrex test tube 

hand clamp 

long iron wire (or nail) 


Figure D 


What To Do 


Step 1 

1. Place the copper sulfide into the crucible. 

2. Heat it with a high flame for about 15 minutes. 

3. Stir from time to time with the iron wire. 

The heat causes a chemical reaction. This is the equation: 


2CuS + 30 2 -*-» 2CuO + 2S0 2 

Copper Oxygen Copper Sulfur 

sulfide uxide dioxide 


4. 


The copper 
The oxygen 


sulfide reacts with 


combines with, replaces 


the sulfur. 


from the air. 


6, The copper sulfide changes to — 

7, a) We smell something like rotten eggs. What gas causes this odor? 

b) What happens to this gas? — 

8. What stays behind in the dish? _ — - — 

9. Is the copper free? — 

10. What is this first step called? — 

11. One more step is needed to free the copper. What is it called? _ — 
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copper oxide and charcoal 

carbon dioxide 

try 

pure copper ar.d charcoal 



i 

W~^ 

-V 

— 


4 








Figure E 
Step 2 


12. Wait foif the crucible to cool. 

13. Add some of the powdered charcoal to the copper oxide. Mix them. 

Another chemical reaction takes place. This is the equation: 

S CuO + C * 2Cu + COj 

Copper oxide Carbon Copper Carbon dioxide 

14. Place the mixture into the Pyrex test tube. Heat with a high flame. 

15. The carbon removes the oxygen from the copper oxide. This is called 

oxidation, reduction 

16. With what does the carbon combine? 

17. What does the linkup of the carbon and oxygen form? 

18. What isj left behind? _ — _____ 

19 . The first step in freeing a metal from a sulfide ore is called roasting. What is this 

second step called? — 

how we|freb metals from carbonate ores 



What You Need 

Use the same equipment you used in the previous experiment with one excep- 
tion. instead. of 10 grams of copper sulfide, use 10 grams of lead carbonate. 


j 

i 


What To Do 
Step 1 

1. Place the lead carbonate into the 
crucible. Heat it with a high flame 
for about 15 minutes. 

2. Stir from time to time with the wire. 

The heat causes a chemical reac- 
tion. This is the equation: 

PbC0 3 — PbO + C0 2 

Lead carbonate Lead oxide Carbon dioxide Figure F 

3. The lead carbonate _____ — ___. 

oxidizes, reduces, decomposes 

4. Heat decomposes lead carbonate to and __ 

5. What happens to the carbon dioxide? . — — 

6. What happens to the lead oxide? 

7. This first step in the freeing of a metal from a carbonate is called 

Step 2 

8. Wait for the crucible to cool. 

9. Add some of the powdered charcoal 
to the lead oxide. Mix. 

10. Place the mixture into the test tube. 

Heat it with a high flame. 

Another chemical reaction takes 
place. This is the equation: 

2PbO + C ■ -*-* C0 2 + 2Pb 

Lead oxide Carbon Carhon dioxide Lead 

11 , The carbon removes the oxygen from the lead oxide. What is this process called? 


12. With what does the carbon combine? _ 

13. The linkup of carbon and oxygen forms 

14. What is left behind? 

15. Two steps are needed to free a metal from a carbonate ore. Name them in order. 



Figure G 
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MATCHING Mate* 1 the two lists. Write the correct letter on the line next to 
each number. 


1. 

roasting 

a) 

steps in separating sulfide and 

2. 

L roasting and reduction 


carbonate ores 

3. 

L reducing agent 

b) 

removes oxygen from a compound 

4. 

L CO 

c} 

forms when carbon and C0 2 
combine 

5, 

L C0 2 

d) 

e) 

heating an ore in the open air 

carbon dioxide 




i 


'WORD The words in this list are hidden in the groups of letters. Try to 
<?SAf?r , r j find each word. Draw a line around each word. The spelling 
" 1 ” ma y go in any direction: up-and-down, across, or diagonally. 
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alloy: a blend of metals 






All metals share certain properties. But no two metals 
have exactly the same properties. For example, some are 
lighter or stronger than others. Some shine more. Some melt 
more easily or conduct electricity better than others. 

Often, a manufacturer wants to use a certain metal. 
It has all the properties that are needed — except one. For 
example, the metal may be strong enough, but it rusts easily. 
What can be done? 

METALLURGISTS TO THE RESCUE! 

Metallurgists have learned to “custom-make” metals. 
They mix and blend two or more metals. This mixing changes 
certain properties. 

A mixture of metals that acts as a single metal is 
called an alloy. Stainless steel and Duralumin are examples 
of alloys. 

■ Iron rusts easily. But stainless steel does not. Stain- 
less steel is an alloy of iron, chromium, nickel, and a small 
aniount of carbon. 

■ Aluminum is light. But it is not strong. Duralumin 
is an alloy of aluminum, copper, magnesium, and manganese!. 
Diiralumin is light and strong — about as strong as steel. It 
is i used in airplanes. Some automobile engines are made of 
this tough alloy. 

i Your dentist fills cavities with an alloy of mercury 
arid some other metal. The “other” metal may be copper, tin, 
lead, zinc, or silver. The alloy starts out like a sticky putty. 
It slowly hardens after it is mixed. Why do you think your 
dentist tells you, “Don’t eat on that side for at least one hour”? 

There are thousands of alloys. New alloys are being 
discovered all the time, 

Most metal products we use are not pure metals. They 
are alloys. 


Figure A 


Figure B 


Nichrome [NIE krome] is an alloy 
of nickel, chromium, iron, and manga- 
nese. Nichrome wire has a high electrical 
resistance, it gives off a great deai of heat 
when electricity moves through it. 

The heating elements of electric 
irons and toasters are made of nichrome. 


Any steel is an alloy, it is very 
strong, if vanadium is added to steel, the 
steel becomes even stronger. 

Automobile frames, gears, springs, 
and axles are made of vanadium stee). 


Solder [SOD er] is an alloy. There 
are many' kinds of solder. One common 
solder is a blend of tin and lead. Solder 
melts easily and can join two pieces of 
metal together. 



Figure C 



Figure D 

Figure E 

Chromium steel has great hard- 
ness. it is used in making bank vaults, 
special tools, and armor plate. 

Costume jewelry is rarely pure 
gold or pure silver. It is made of an alloy. 

A small amount of cheap metal is added 
to the gold or silver. This addition serves 
two purposes: it lessens the cost, and it 
makes the gold or silver harder. 
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Figure F 


The earliest alloy was bronze. Bronze is a blend of copper and tin. It was dis- 
covered (probably by accident) about 5,000 years ago. 

Bronze is very hard and durable. It was widely used for knives, spearheads, 
battle axejs, helmets, shields, and swords. Early cups and vases were also made of 
bronze. \ 

Todiay, bronze is used for things like statues, coins, and lamps. Our “copper” 
penny is really a bronze alloy. 


CQi'yip' gTIHG Complete the sentences with the choices below. 

SENTENCES 


strong 

alloys 

custom-made 

lightness 


alloy 

same 

melted together 


metals 

special 

metallurgists 


1. All metals have certain properties that are the 


2. Every metal has certain — properties. 

3. A special property of aluminum is its — 

4. Aluminum is not very — 

5. Aluminum can be made stronger when it is mixed with certain other 


6. A mixture of metais that acts as a single metal is called an 


7. An alloy can be called a “ ” metal. 

8. The metals of most alloys are 

9. “Recipes" for alloys are figured out by — 

10. Most metal products we use are 


MATCHING Match the two lists. VVrite the correct letter on the line next to 
each number. 


1. 

_ — alloy 

a) 

non-rusting iron alloy 

2. 

stainless steel 

b) 

rusts 

3. 

Duralumin 

c) 

first alloy 

4. 

bronze 

d) 

any blend of metals 

5. 

iron 

e) 

light and strong 


Wood's metal is an alloy of bis- 
muth, cadmium, tin, and lead. It melts at 
a low temperature — 70“C (158°?). This 
is lower than the boiling point of water. 
Wood’s metal is used as “plugs” in auto- 
matic fire sprinklers. Heat from a fire 
quickly melts this metal, and the water 
sprinkles out. Why not make your own 
alloy? 

What You Need 

crucible 
tripod 

Bunsen burner 
iron wire (or nail) 
metal tongs 
heat-resistant pad 
Pyrex beaker 
bismuth- — 20 grams 
lead — 10 grams 
tin — 5 grams 
cadmium— 5 grams 



MAKING WOOD'S METAL 



Figure G 
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Figure H 


1, Place the metals into the crucible. 
Leave out just a few "sprinkles” 
of each metal. 


2. Heat the crucible. Stir the metals 


with the iron wire until the mixture 

is melted. 



Figure J 

4. Boil some water in the beaker. 


5. One at a time, sprinkle the separate 
metals into the boiling water. Notice 
what happens. 



3. Remove the crucible with the tongs. 
Place it on the heat-resistant pad. Let 

the mixture cool and harden. 



Figure K 


6. Pry the hardened metal from the 
crucible. Drop it carefully into the 
boiling water. (DON'T SPLASH!) 


What You Saw and Learned 

7. The separate metals melt when you sprinkled them in 

did. did not 

boiling water. But the hardened mixture melt. 

did. did not 

8. a) The hardened mixture an alloy. 

| is. is not 

b) What is its name? 

9. Wood’s metal melts at a temperature than the metals that 

, : . higher, tower 

make it up. 
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You have seen rusted iron. But you have never seen 
rusted gold. Gold does not rust. It keeps its shine year after 
year — century after century. 

Iron forms compounds. So does gold. But iron forms 
compounds more easily than gold does. We say that iron is 
more active than gold. 

Different metals have different activities. Let’s compare j 

aluminum and sodium. 

If you drop a piece of aluminum into cold water, 
nothing happens. There is no reaction. If you drop a piece 
of sodium into cold water, it’s a different story! The sodium 
arid water react immediately. The sodium races across the 
surface of the water. Sometimes the sodium seems to bum 
with a yellow flame. It’s easy to see that sodium is more active 
th!an aluminum. 

If you drop a piece of potassium into the water, the . 
redaction is even more violent. Potassium is even more active 
than sodium. The potassium races across the water even faster. 

And it always seems to burn with a violet flame. 

In these reactions, the more active sodium and potas- 
sium replace the less active hydrogen of the water. This is 
the equation for the sod ium/water reaction. 

2n 7+2HOH > 2NaOH + H 2 

1 _ I I — — ' 

; The more 

active sodium 1 

replaces the less active hydrogen . . . and sets it 

{ free. 

In any replacement reaction, a more active metal 
replaces a less active metal. 

Chemists know how active each metal is. The table 
on the next page lists the metals in the order of their activity. 

This table lets us predict many chemical reactions. 


UNDERSTANDING METAL ACTIVITY 


A table of metal activity is shown 
on the right. It lists the metals according 
to their activity. Study the table. Then 
answer the questions. 


1. Which is the most active metal? 


2. Which is the least active metal? 


3. Which is correct? (Circle the letter 
of the correct answer.} 

a) A less active metal can replace 
a more active metal. 

b) A more active metal can replace 

4. Which is more active, 

a) sodium or iron? - 

b) tin or lead? 



Lithium 

Li 


Potassium 

K 

c i: 

Barium 

Ba t~ 

> 

Calcium 

Ca !_ 

_i 

Sodium 

Na x . 


Magnesium 

Mg 


Aluminum 

Al ^ 


Zinc 

Zn 

< 

Ir.on 

Fe > 


Tin 

Sn (c 

fas 

Lead 

Pb U 


Hydrogen - 

H t 


Copper 

Cu I 


Mercury 

Hg 


Silver 

Ag (« 

i 

Platinum 

Pt 

i 

Gold 

Au i 


less active metal. 

c) gold or silver? _ 

d) tin Or aluminum? 


5, Which is less active, 

a) sodium or calcium? - c) copper or mercury? _ 

b) zinc or tin? d) hydrogen or platinum? 

6. Name the metals that can replace calcium. 


7. Name the metals that cannot replace mercury. 

8. Which is the only metal that can replace potassium? 

9. a] Can any metal replace lithium? 

b) Why or why not? _________ 

10. a) Can gold replace any metal? _____ 

b) Why or why not? .. 


Hydrogen is included for reference. 
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TESTING METAL ACTIVITY BETWEEN COFFEE AND IEON 

Whai You Need JjQjp 

coppw strip of copper 

iron sulfate solution /fSiN 
1 7 / beaker 

// 

„ : How To Do the Test 

solution | I If jv'ru- 

Vv y 1. Place the copper strip into the iron 

sulfate solution. 

, 2. Wait 3 to 4 minutes. Then remove 

j c—""''"'" the copper strip. 

1 . Examine it carefully. 


Figure A 


What Yau Saw and Laarnac 

3. a) Did the strip change color? 

b) Did the solution change color? 

i 

4. A chemical reaction — 


. take place. 


5. The copper . 


6. The copper . 


. become coated with iron. 


. replace the iron of the iron sulfate. 


7. a) Which is less active, iron or copper? (Check the table.) 

. b] Which is more active, iron or copper? 

Can a less active metal replace a more active metal? 

8. Why didn't the copper replace the iron? 

9. a) Can a chemical equation show what happened? _ 

b) Why or why not? — — 
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TESTING METAL ACTIVITY BETWEEN IEON AND 
COPPER SULFATE 

beaker 
iron nail 
copper su 

Whai You Need To Know 
a Iron is silver in color, 
a iron sulfate is green. 

How To Do the Test 

1. Place the nail into the c 
solution. 

2. Wait 3 to 4 minutes, 
the nail. Examine the 
solution. 

What You Saw and Learned 

3. a) Did the nail change color? b) What color? 

4. a) Did thesoiution change color? b) What color? 

5. A chemical reaction take place. 

did. did not 

The following equation shows what happened: 

Fe + CuS0 4 > Cu + FeSOj 

Iron Copper sulfate Copper Iron sulfate 

6. Which is correct? (Circle the letter of the correct answer.) 

a) The iron replaced the copper. 

b) The copper replaced the iron. 

7. a) Which is more active, iron or copper? (Look at the table.) 

b) Which is less active, iron or copper? 

8. Why did the iron replace the copper? 

9. a) Which metal did the reaction set free? 


Whai You Heed 




b) What happened to it? 

10. Why did the solution turn green? 
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inal shape. Only a temperature rise is 
needed to set the memory in action, 

Nitinol ‘s properties can be used to 
produce electricity, A Nitinol-powered 
generator would require only warm water 
as a “fuel.” The warm water would snap 
back the bent Nitinol. The energy of the 
snap would turn the generator wheel. 
Then it would move the Nitinol band to 
cooler water, where it would rebend — 
ready to snap back again. Geothermal 
spring water or sun-heated water can be 
used in the warm side of a Nitinol motor. 

The first model Nitinol engine was 
built by Ridgway Banks, of California. Its 
Nitinol wires were bent into a U shape. 
Banks kept his engine running con- 
tinuously. He was looking for signs of 
metal tiredness or /atigue. This would 
have slowed the engine. But just the oppo- 
site happened. After a few thousand spins, 
the wheel turned /aster, Nitinol had de- 
veloped its second memory. The memory 
had "learned” to "remember” its bent 
shape — as well as its original shape. As a 
result, less energy produced by the mem- 
ory “snap” was being used to rebend the 
wire. And more energy was used for turn- 
ing the engine itself. 

David Mitzi of Connecticut also in- 
vented a Nitinol machine during his senior 
year in high school. 

Nitinol engines can do more than pro- 
duce electricity. For example, they can 
drive irrigation pumps. 

Nitinol is also being tested for several 
bio-medical uses. It may be used for teeth 
braces, plates for broken bones, and, as a 
device to keep arteries open. Nitinol may 
even be used in an artificial heart. This 
wondermental would respond to slight 
body temperature changes and contract 
like heart muscle. 


A remarkable alloy has been dis- 
coveredi It is called Nitinol — a blend of the 
elements nickel and titanium. Nitinol is 
extraordinary and may help solve the 
energy broblem. What makes Nitinol so 
special? 

At loom temperature, a piece of this 
wonder metal is as strong as steel. In cooJ 
water, it turns soft and pliable. If you bend 
it in this pliable state, it stays bent. But 
then if you dip the bent Nitinol into warm 
water, itsuddenlv snaps back to itsonginaJ 
shape. 

Nitinol has an amazing “memory.” 
That is. its molecules “remember” its orig- 


IS 

Id 


corrosion: the slow wearing away 
of a metal by chemical action 

tarnish: a form of corrosion 
galvanize: to coat with melted tin 


01 


IlfCI 

s-r.i 
J u Aj. 
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Wiial: is c or.r D-3:i on 


; How often have you seen rust? You don’t have to 
lodk very far to see it. Just find a car a few years old. Chances 
are that it has some rust spots. 

| Car bodies are made of iron. Iron is silver-gray in color. 
When iron rusts, it turns reddish-brown. Rust flakes off easily. 
Then fresh iron beneath it rusts and flakes away. Little by 
little, the entire piece of metal rusts away. 

Rusting is an example of corrosion. Corrosion is the 
gradual wearing away of metal by chemical action. 

The chief cause of corrosion is the oxygen in the air. 
Other gases that cause corrosion are carbon dioxide and 
hydrogen sul/ide. 

a Metals like iron, aluminum, and nickel are corroded 
by oxygen. 

a The main causes of copper corrosion are carbon 
dibxide and water vapor. Copper also reacts with hydrogen 
sulfide. The burning of fuels like coal and natural gas puts 
hydrogen sulfide into the air. Corrosion changes copper 
frdm reddish-orange to green. 

a Another metal that reacts with hydrogen sulfide is 
sil ver. Corroded, or tarnished, silver is black. 

Corrosion takes away the shiny luster of metal. But 
sometimes it may be helpful to the life of the metal 

For example, corroded aluminum (aluminum oxide) 
does not flake off like rust does. It dings to the aluminum 
and keeps the air away. The corrosion actually forms a pro- 
tective covering. It stops further corrosion. 

Several other metals form protective coats. Copper, 
z|tic, and silver are among them. 

Sometimes we may want to prevent corrosion alto- 
gether on certain metal objects. This may be done by coating 
the metal. Such things as paint, lacquer, grease, or even 
another metal may be used to give the object protection 
against corrosion. 
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UNDERSTANDING CORROSION 




Look at Figures A, B, and C. Then 
answer the questions with each. 

Figure A shows silver that has 
been tarnished. This is the equation for 
the corrosion of silver. 

4Ag + 2H.S * 2Ag»S + 2H 2 

1. a) What causes silver to corrode 

(tarnish)? 

b) What puts this gas into the air? 

2. What is the chemical name of tar- 
nished silver? 

(Figure it out from the formula.) 

3. Does silver tarnish protect the silver 

from further corrosion? 

The Statue of Liberty has been 
standing in New York harbor since 1886. 

When it was new, the statue was 
reddish-orange in color. Now it is green. 
Corrosion made it turn color. 

4. a) What metal covers the Statue 

of Liberty? 

b) What caused it to corrode? 


5. a) Will the corrosion continue? 


b) Why or why not? 


Figure B 
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Figure C shows corroded alu- 
minum. 

This is the equation for the corro- 
sion of aluminum: 

4A1 + 30, * 2ALO s 

Aluminum oxide 

6. What causes aluminum to corrode? 


7. What is the name of the corroded 

aluminum? 

8. Does the aluminum oxide protect 

the aluminum from further cor- 
rosion? — — — _ 


HOW DOtS SULFUR AFFECT SILVER? 


What You Nfeats To Know 


Silver reacts with many sulfur 
compounds. Egg white contains sulfur. 

What You tied 

hard-boiled egg white 
shiny silver spoon 

How To Do the Experiment 

1. Push the silver spoon into the hard- 
boiled egg white. 

2. Keep it there for about 10 minutes. 
Then remove it Compare the part 
that was inside the egg to the part 
that was not. 

What You Saw and Learned 

3. The silver that was in the egg white 



turned green, turned black, stayed the same 


SOME WAYS OF PREVENTING CORROSION 


Coating metal with paint or lacquer 
prevents corrosion. 

Some protective paint jobs are 
huge. Take the George Washington 
Bridge, for example. It takes 25 workers 
four years and 45,500 liters (12,000 gal- 
lons) of paint to cover this structure. 1 

Repainting .is done every four to 
nine years. 



Figure F 


Figure G 



4. The silver corrode. 

did, did not 

5, What substance corrodes silver? 


Garbage pails, rain pipes, water 
pipes, and nails are some galvanized 
products. Galvanizing means dipping 
metal objects into molten zinc. Galvaniz- 
ing protects. But it doesn’t last forever. 
It wears off in time. 


A “tin” can is really steel coated 
with tin. 

Coating steel with molten zinc or 
tin is done by a process - called 'hot- 
dipping. 
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HOW CAMS WE PREVENT CORROSION? 



Figure H 


5. Drop the three nails into the glass. Let 
next day. Examine each nail. 


Rusting is a form of corrosion that 
we all know. This is the formula for 
rusting: 

4Fe + 30. » 2Fe,0 3 

iron oxide 

Can we prevent iron from rusting? 
What You Need To Know 


* Iron rusts in water. 


“ Vinegar, when added to water, 
speeds the rusting. 


Whai You Heed 



3 iron nails 

petroleum jelly 

clear nail polish (lacquer) 

clear water 

vinegar 

drinking glass 


Jacw To Do ihe Experiment 


1. Fill the glass % full with water. Add 
a little vinegar and stir. 

2. Coat one nail with the clear nail 
polish. Let it dry. 


3. Coat another nail with a thin layer 
of petroleum jelly. 


4. Do not coat the third nail, 
them stand overnight. Remove them the 


What You Saw and Learned 

6. The uncoated nail rust. 

f did, did not 

7. The coated nails _ rust. 

did, did not 

8. Name two coatings that protect against corrosion. 

9. Name some other ways to protect metal from corrosion. 


COMPLETING 

SENTENCES 


Complete the sentences with the choices below. 


tarnish 

oxygen 

aluminum oxide 
rust 

hydrogen sulfide 


tin 

carbon dioxide 
corrosion 
iron oxide 
prevent 


zinc 

grease 

metal 

paint 


1. The gradual wearing away of metal by chemical action is called 


2. Most corrosion is caused by the ___ in t he air. 

3. Other gases that cause corrosion are atlc j 

4. The most common form of corrosion is 

5. The chemical name for rust is 

6. Sulfur and hydrogen sulfide cause silver to _____ 

^ ' Yhe chemical name for corroded aluminum is 

8 ' The corr oded aluminum helps further corrosion. 

9. We can prevent corrosion by coating metals with 

or even another 

10. Two metals that are used to give a protective coat are ____________ 


MAiLiJlING Match the two lists. Write the correct letter on the line next to 
each number. 


3. __ 

oxygen 

a) 

silver corrosion 

2. 

rust 

b) 

coated with zinc 

3. 

tarnish 

c) 

iron oxide 

4. 

galvanized 

d) 

chief cause of corrosion 

5. 

corrosion 

e) 

any slow wearing away 
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TRUE OR Write T on the line next to the number if the sentence is true. 
FALSE Wr ' le F ii 16 sentence is false. 

1 . 1 Corrosion builds metals. 

2. i All metals corrode. 

3. i Most metals corrode. 

4. I Only oxygen causes corrosion. 

5. i Oxygen causes most corrosion. 

6. L iron can rust. 

7. Rust protects iron from further corrosion. 

8. Aluminum oxide protects aluminum from further corrosion. 

9. L Carbon dioxide tarnishes silver. 

! 

10. 1 Zinc and tin tarnish easily. 

j 

f/QRD Unscramble each of the following to form a word or term that 
y° u ^ ave reat ^ in this book. 

1. THRAINS 

2. DOORCER 

3. IVATTiCY 

4. LOYAL | 

REACHING OUT 

1. You notice a rust spot on a piece of iron. You plan to paint it. 

What should you do before you paint the rust spot? 

Why? i — 

2, In what {kind of climate does corrosion take place the fastest? 
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How do we eiecfiJ 


metals? 


Many metals aren’t what they seem to be. They are 
platejd. Plating places a thin layer of one metal upon another 
metal. Some metals are plated by hot-dipping. Most metals, 
however, are plated by electroplating. 

; Electroplating protects metals, it also makes metals 
look better. Most electroplated metals are bright and shiny. 

I Automobile bumpers, for example, are made of steel. 
Steel is not very shiny. Bumpers are electroplated with 
chromium. Chromium gives the bumpers a bright shine. It 
also protects the steel from rusting. 

' Electroplating is often used only for appearance. 
Gold and silver are attractive, but expensive, metals. Many 
pieces of "gold” and "silver” jewelry are really mostly cheap 
metd. They are just electroplated with gold or silver. 

j Electroplating is easy to do. It is explained below. 
Check with Figure A, on the facing page, as you read. 

1. Electroplating is done in a liquid salt solution. 
There are many kinds of salts. The salt you use must contain 
the metal you want to deposit. For example, if you want to 
plate a metal with silver, you use a salt like silver nitrate 
(AgNO :l ). 

: 2. Connect the metal you want to deposit (such as 
silver) to the anode. The anode is the positive (+) electric 
pole! 

! 3. Connect the metal you want to coat to the cathode. 
The cathode is the negative (-) electric pole. 

j 4. Pass a weak direct electrical current through the 
solution. 

j The metal you wanted to coat becomes plated with 
the metal of the salt solution. In our example, that metal is 
silver. 

The thickness of the plate depends upon how long 
the electricity flows. The longer it flows, the thicker the plate 
becomes. But even a “thick” plate is very thin. 
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UNDERSTANDING ELE CTEOP1-ATIMG 

Look at Figures A and B. Then answer the questions or fill in the blanks. 



Figure A 


1. Electroplating is done - 

in air, in a liquid solution 


2. The solution used in electroplating contains a dissolved _____ 

salt, gas 

3. The salt of an electroplating solution must contain the metal 

you are coating, you u-ant to deposit 

4. a) Silver nitrate solution can deposit the metal 

b) Copper sulfate can deposit the metal 

c) Gold cyanide can deposit the metal 

5. Electroplating uses current. 

strong direct, weak direct, weak alternating 

6. Electricity has two poles: positive and negative. 


a) The positive pole is called the 

anode, cathode 

b) The negative pale is called the 

anode, cathode 
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■ Circle the letter of your answer. 

7. In electroplating, what do you connect to the anode? 

a) the metal you want to be coated. 

b) the metal you want as a coating. 

8. What do you connect to the cathode? 

a) the metal you want to give coating to. 
bj the metal you want to use as a coating. 

9. a) To deposit silver, you connect pure - to the anode. 

b) To deposit nickel, you connect pure to the anode. 


You cans electroplate without a pure metal connected to the anode. You can use 
just the salt solution. 


For example, let’s look at our silver-plating setup but with one change. 



Figure B 


A plain jcarbon rod has taken the place of the silver. The silver plate comes 
from the silverj nitrate solution only. 

10. Plating this way can produce only a thin coat, or can coat only a few pieces. Why? 
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IDENTIFYING PARTS IN ELECTROPLATING 

Four electroplating setups are shown in Figures C through F. One part of each 
setup is labeled. Two parts are not labeled. Identify the parts that are not labeled. 
Write your answers on the lines under each diagram. (Hint: Check terminals carefully!) 


Choose from the following: 


gold cyanide solution 
zinc coat 
pure nickel 
nickel coat 


tin coat 
pure gold 

zinc chloride solution 
pure tin 


[ 




6 . 


8 . 
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EXPERIMENTING WITH ELECTROPLATING 


What You Need To Know 

a The color of carbon is black. 

® The ‘color of iron is silver-gray, 
s The color of copper is reddish-orange. 

What Y'ou Need glass beaker two dry cells 

copper sulfate solution wire 

two metal clips switch 

one carbon rod ® e 

one clean iron nail 



How To Do the Experiment 

1 . Set up the materials as in Figure G. 

2. Pass electricity through the solution for about 5 minutes. Then open the switch. 

3. Remove the carbon rod and nail. Examine them. 




What You Saw and Learned 

4. The carjbon rod was connected to the 

anode, cathode 

5. The iron nail was connected to the 

anode, cathode 

6. a) Which became plated, the carbon or the iron? _ 

b) How do you know? 


i 

1 

I 


7. a) What color is the plate? 

b) What metal is the plate? 

c) Where did the plate metal come from? 

NOW gently file the head of the nail. 

8. a) The plating file off easily. 

did. did not 

b) This shows that the plating is 

. thick, thin 

9. If you pass the electricity through the solution longer, the plate becomes 

thicker, thinner 

10. If you wish to coat many pieces, what must you connect to the anode? 


CC'M?L27ING Complete the sentences with the choices below. 


negative look better hot-dipping 

weak replaces positive 

plate thin electroplating 

protects salt solution 

1 . Piating places a layer of one metal upon another metal. 


2. Some plating, like tinning and galvanizing, is done by — ■ 

3. Plating that uses electricity is called 

4. Electroplating is done with direct electrical current. 

5. Electroplating metals. Electroplating also makes metals 


6. Electroplating is done in a 

7. The salt you use in electroplating must contain the metal you wish as the 

8. The metal you want to cover is connected to the electrical pole. 

9. The pure metal you want as the plating is connected to the _ — _ 

pole. 

10. The pure metal the metal from the solution that is used up. 
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REACHING OUT 

In solution, a .salt breaks up into ions. An ion, you remember, has a charge. 


For example, in solution, copper sulfate 
(CuSO.,) breaks up into: 

s positively charged copper ions 
(Cu* 3 ), and 

■ negatively charged sulfate ions 

(SO,' 2 ). 

The copper ions move towards the nega- 
tive pole. The sulfate ions move towards 
the positive pole. 

Figure I 

a) Why do the ions move towards these poles? 


A plus iojn is an atom that has lost one or more of its electrons. 

b) In copper sulfate, how many electrons has each copper ion lost? 

c) Where do the copper ions pick up these electrons again? 


d) What does each copper ion become when it picks up the electrons it had lost? 
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SOFT AND HARD WATER 


AIM 
2 4 

MyJi'Bt 1 a XifcLTCl W Sltfcfi’i 


| 

i 

The water you drink is safe but it is not “pure." “Pure” 

watbr has nothing dissolved in it. Tap water has mineral salts 

disshlved in it. Rainwater picks up these mineral salts from 

| the ground. 

i There are many kinds of mineral salts. Water that con- 

tains dissolved salts of calcium, magnesium, or iron is called 

hard water. Hard water is hard to lather. You need a lot of 

soap 

to work up even a small lather. It wastes money, time, 

and 

energy. 

i 

There are two kinds of hard water — temporary and 

j permanent. 

TEMPORARY HARD WATER Temporary hard water con- 

1 tains either calcium bicarbonate, magnesium bicarbonate, or 

iron 

bicarbonate. 

! 

Temporary hard water can be “softened” by boiling. 

j Heat decomposes bicarbonate salts. They change to carbonate 

salts 

. Carbonate salts do not dissolve in water. They settle to 

the 

30ttom of their containers. 

Another way to soften temporary hard water is by the 

use 

of chemical softeners. Washing soda, borax, and slaked 

lime 

are common chemical water softeners. 

PERiMANENT HARD WATER Permanent hard water con- 

tains chloride or sulfate salts. It cannot be softened by boil- 

ing. 

Permanent hard water is softened with a chemical softener. 


Hard water is a nuisance. It can also be a big problem. 

The 

deposit of carbonate salts can clog steam pipes, hot water 

pips 

s, and boilers. 

■ 

. 

Also, dissolved iron can stain sinks and fabrics. 
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Study Figures A and B. Then answer the questions. 




1. "Hard" water is being used in Figure 

2. Hard water — — lather easily. 

does, does not 

3. Hard water contains dissolved salts of three metals. Name these metals. 


4 . 


5 . 


Temporary hard water contains dissolved 
Permanent hard water contains dissolved 
Circle the letter of the correct answer. 


salts. 

bicarbonate, chloride or sulfate 


salts. 

carbonate, chloride or sulfate 


6. Temporary hard water can be softened by 

a) adding a chemical softener 

b) boiling 

c) both a and b 

7. Permanent hard water can be softened by 

a) adding a chemical softener 

b) boiling 

c) both a and b 

8. Name three chemical water softeners. 


157 




4 

THE DISADVANTAGES OF HAS. 



Figure C 

Calcium carbonate deposit is caiied scale. 
These are examples of scale inside of boiler 
pipes. 



Figure E 


D WATER 


Scale cuts the flow of water. In 
time, what will happen to these pipes? 


Many people in hard-water areas 
use soapless detergents. Soapless deter- 
gents work well in both soft and hard 
water. 


Do you live in a soft-water area or 
a hard-water area? . — 


Water is used in making textiles. 
Hard water can discolor fabrics. 

Fabric manufacturers in hard- 
water areas add chemical softeners to 
their water. 


SOFTENING HARD WATER 




Figure F 



s Half fill a test tube with distilled water, 
n Add three drops of liquid soap. Shake. 

1. The water — 

does, does not 

lather easily. 

2. Distilled water is 

hard, soil 

water. 

3. Distilled water 

does, does not 

contain dissolved salts. 

Step 2 

a Half-fill three test tubes with distilled 
water. 

a Add a pinch of calcium bicarbonate 
to each test tube. Shake. 

4. The calcium bicarbonate 



Figure H 


__ dissolve in the 

does, does not 

water. 


Step 3 

a Add three drops of liquid soap to one 
of the test tubes. Shake. 

5. The water — . 

does, does not 

lather easily. 



Figure I 


6. Water with a dissolved bicarbonate 

salt is — — — water. 

hard, soft 


Step 4 

e Boil the mixture in the second test 
tube. (Remember, it contains hard 
water.] Allow it to cool. 

a Add three drops of liquid soap. Shake. 
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lather easily. 



b) The water is now water. 

? hard, soft 

8. a) Water with a dissolved bicarbonate salt is hard water. 

temporary, permanent 

b) VVhy? j 


The equation below shows how heat changes calcium bicarbonate: 


Ca{HC0 3 ).> (dissolved in waterj 


Caicilum 

bicarbonate 



Figure J 


CaC0 3 + CO, + H,0 

Calcium Carbon Water 
carbonate dioxide 

9. Boiling changes calcium bicarbon- 
ate to calcium 

10. a) Calcium carbonate ______ 

does, does not 

dissolve in water. 

b) What happens to the calcium 
carbonate? 

11. The water that forms mixed in with 
the rest of the water. What happens 

to the carbon dioxide? 



Figure K 


Step 5 

* Sprinkle some washing soda into the 
third test tube. (Remember, it contains 
hard water.) Shake. Let it stand for a 
minute. 

» Add three drops of liquid soap. Shake. 
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12. The water 


does, does not 


lather easily. 


13. The water is now water. 

hard, soft 

14. What changed the hard water to soft water? 

15. Washing soda "softens” hard water. Name two other water softeners. 

16. Water softeners can soften temporary hard water. Can water softeners soften 

permanent hard water? 

17. Temporary hard water can be softened by boiling. Can permanent hard water be 

softened by boiling? 

18. Temporary hard water contains salts. 

bicarbonate, chloride or sulfate 

19. Permanent hard water contains salts. 

bicarbonate, chloride or sulfate 

20. Name the three metals (elements) found in hard water. __________ 


MINERAL SALTS AND HARD WATER 

Six salts are listed below. Fill in the spaces next to each salt with the correct 
information. The first line has been done for you. 



Produces 


Water 


temporary 


softened 


hard water or 

Water 

with a 



softened 

water 

Salt 

hard water? 

by boiling 

softener 

Magnesium sulfate 


no 

yes 

Calcium chloride 


3. Magnesium bicarbonate 

4. Iron sulfate 

5. Calcium bicarbonate 

6. Iron chloride 
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COMPLETING Complete the sentences with the choices below. One of these 
SENTENCES may be USBd twice - 

ground j hard water chemical softener 

borax j salts temporary 

permanent boiling hot water pipes 

slaked lime scale sulfate 

chloride bicarbonate washing soda 

1. Tap water has mineral dissolved in it. 

2. Rainwater picks up mineral salts from the 

3. Water thaf contains calcium, magnesium, or iron salts is called 

4. There are two kinds of hard water. They are and 

hard water. 

5. Temporary hard water contains salts. 

6. Permanent hard water contains or salts. 

7. Temporary hard water can be softened by or by adding a 

8. Permanent hard water cannot be softened by 

9. Three chemical water softeners are and 

( 

10 , Carbonatei deposits are called . These deposits can clog 

l/VDED Unscramble each of the following to form a word or term that 

^CF/MBLE y° u bave read * n tb ‘ s b°°k- 

i 

1. RABBITCANOE 

2. DOTEACH 

3. LASEC 

4. CREEPTALLOTE — 
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AIM 

25 

How are metals important 
to life and health? 


There can be no life without metals. Metals are part 

of all living matter. 


Take blood for example. An important part of blood 

is common salt. Common salt (NaCl) contains the metal 

sodipm. | 


There is an iron compound in red blood cells called 

hempglobin [HE muh globe in]. Hemoglobin picks up oxygen 

front; the lungs. It then carries the oxygen to every cell of 

the body. \ 

j 

The metal calcium helps build strong bones and teeth. i 

Calcium is also needed for blood clotting. 


Cells have trace amounts of other metals like mag- 

nesaim, copper, zinc, and cobalt. These trace elements help | 

j the cells carry out the life functions. ,| 


Metals come from the soil in the form of mineral salts. 

Plants take in these minerals. We eat the plants— or the ani- ! 

mals 

that have eaten the plants. 


Soil can become "tired.” That is, its minerals become 

used 

up after years of planting. Farmers add fertilizers to soil. 

Fertilizers put metals and other nutrients back into the soil. ! 


Metals help in everyday health care. Many products | 

you 

nay find in your medicine cabinet contain metals. Some 1 

examples are: talcum powder, calamine lotion, milk of mag- I 

nesia 

, Mercurochrome, and Epsom salts. Even soap and tooth- 

paste 

' 

1 

contain metals. 

1 


WHY ARE METALS important? 


Figure A shows a very important reason. 


A STORY OF JUST ONE ATOM OF JUST ONE METAL. 



Plants make their own food from 
carbon dioxide and water. Food-making 
in plants is called photosynthesis. 

Photosynthesis happens with the 
aid of sunlight A green substance called 
chlorophyll must be present in the plant. 

The formula for chlorophyll is 

“c^h^OjN.mT] 


1 . One molecule of chlorophyll contains 137 atoms. How many of these atoms come 


from the metal magnesium? — _ — — — 

2. Can photosynthesis take place without chlorophyll? 

3. a) Why is magnesium important to plants? 


b) Why is magnesium important to people? 


A plant takes in magnesium through its roots. It takes in other minerals, too. 
The minerals include potassium, zinc, iron, copper, and boron. 

A balanced diet contains ail the 
nutrients a person needs. 

Vitamins, minerals, proteins, 
starches, fats, and oils are nutrients. 

Every nutrient contains at least 
one metal. 


4 . Where do minerals come from? __ 

5 . Which life form takes in minerals first — plants or animals? 

6. How do people get their minerals? — 

7. Soil can became "tired.” What does tired soil lack? — 

8. What do farmers add to soil to replace minerals? — — 
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ialsMiii 


POTASSIUM 






CALCIUM 

S- 


MAGNESIUM 


FATING 

W U :!.l \ W' 


Everyday you eat and drink metal. 
Metals are part of our diet. They are in the 
food we eat and the water we drink. 

Metals in our diet are parts of com- 
pounds called minerals. All living things 
need certain metals. The body needs small 
to trace amo unts of metals to keep it work- 
ing properly. 


Most minerals contain positively 
charged ions of metal elements. They in- 
clude: iron Fe ++ , potassium K+ mag- 
nesium Mg+* calcium Ga' 1 ', sodium Na+; 
and zinc Zn+*. 

Some minerals contain nonmetals that 
are required by the body. For example, the 
phosphate minerals supply phosphorus 
ions P — . 

Low-mineral intake can cause certain 
health problems. For example: 

3 You have heard of anemia. This is a blood 
disease caused by a diet low in iron. 

3 An undersupply of calcium and phos- 
phorous can make bones porous and 
weak. 

3 An improper balance of potassium and 
sodium can cause nerve-muscle dis- 
orders. 

Where do minerals and their metals 
come from? How do they get into our food 
and water? Rocks are made of minerals. 
Over a long period of time, rocks break 
down. Their minerals become part of the 
soil. 

Rainwater dissolves many of the min- 
erals in the soil. Some of the minerals be- 
come part of the drinking water. We drink 
the water, and so do other animals. Plants 
take in minerals through their roots. We eat 
the plants along with minerals they con- 
tain. We also eat animals, which eat the 
plants, and drink the water. 

Different rocks are made up of dif- 
ferent minerals. Rocks vary from place to 
place. So do the soils they produce. There- 
fore, some soils are rich in certain metals 
and poor in others. A soil low in any given 
metal cannot grow crops rich in that metal. 

We must try to obtain enough of all the 
minerals our body needs. How? By eating a 
wide variety of fruits, vegetables, whole 
grains, and meals. And cut down on junk 
food. 
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PERIODIC TABLE OF ELEMENTS 


1 

I A 

PERIOD | — i 

H 


lithium 0e»yfl«jm 
6.93 9.0! 


Na ’ Mg' 



Atomic number 


Calcium • Scandiur 

40.08 as 



— 29 

2 


8 


18 


1 

— Copper 


63.54 - 



V ■} Cr 


Tiiwuim Vanadium Chromium 
47.90 50.94 Si. 99 


3 J“ Atomic weight 

7 8 vm 
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25 j| 26 || 27 | 

IVIn ’» Fe ’> Co 1 
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Tantalum Tungsten 
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Samarium Europium 
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* Names for these elements have not been agreed upon] 
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LIST OF ATOMIC WEIGHTS 


NAME 

SYMBOL 

ATOMIC 

NUMBER 

ATOMIC 

WEIGHT 

NAME SYMBOL 

ATOMIC 
NUMBER 

ATOMIC 

WEIGHT 

Hydrogen 

H 

1 

1 

Cesium 

Cs 

55 

133 

Helium 

He 

2 

4 

Barium 

Ba 

56 

137 

Lithium 

Li 

3 

7 

Lanthanum 

La 

57 

139 

Beryllium 

Be 

4 

9 

Cerium 

Ce 

58 

140 

Boron 

B 

5 

11 

Praseodymium 

Pr 

59 

141 

Carbon 

C 

6 

12 

Neodymium 

Nd 

60 

144 

Nitrogen 

N 

7 

14 

Promethium 

Pm 

61 

145 

Oxygen 

0 

8 

16 

Samarium 

Sm 

62 

150 

Fluorine 

F 

9 

19 

Europium 

Eu 

63 

152 

Neon 

Ne 

10 

20 

Gadolinium 

Gd 

64 

157 

Sodium 

Na 

11 

23 

Terbium 

Tb 

65 

159 

Magnesium 

Mg 

12 

24 

Dysprosium 

Dy 

66 

163 

Aluminum 

A1 

13 

27 

Holmium 

Ho 

67 

165 

Silicon 

Si 

14 

28 

Erbium 

Er 

68 

167 

Phosphorus 

P 

15 

31 

Thullium 

Tm 

69 

169 

Sulfur 

S 

16 

32 

Ytterbium 

Yb 

70 

173 

Chlorine 

Cl 

17 

35 

Lutetium 

Lu 

71 

175 

Argon x 

Ar 

18 

40 

Hafnium 

Hf 

72 

178 

Potassium 

K 

19 

39 

Tantalum 

Ta 

73 

181 

Calcium 

Ca 

20 

40 

Tungsten 

W 

74 

184 

Scandium 

Sc 

21 

45 

Rhenium 

Re 

75 

186 

Titanium 

Ti 

22 

48 

Osmium 

Os 

76 

190 

Vanadium 

V 

23 

51 

Iridium 

Ir 

77 

192 

Chromium 

Cr 

24 

52 

Platinum 

Pt 

78 

195 

Manganese 

Mn 

25 

55 

Gold 

Au 

79 

197 

Iron 

Fe 

26 

56 

Mercury 

Hg 

80 

201 

Cobalt 

Co 

27 

59 

Thallium 

Tl 

81 

204 

Nickel 

Ni 

28 

59 

Lead 

Pb 

82 

207 

Copper 

Cu 

29 

64 

Bismuth 

Bi 

83 

209 

Zinc 

Zn 

30 

65 

Polonium 

Po 

84 

209 

Gallium 

Ga 

31 

70 

Astatine 

At 

85 

210 

Germanium 

Ge 

32 

73 

Radon 

Rn 

86 

222 

Arsenic 

As 

33 

75 

Francium 

Fr 

87 

223 

Selenium 

Se 

34' 

79 

Radium 

Ra 

88 

226 

Bromine 

Br 

35 

80 

Actinium 

Ac 

89 

227 

Krypton 

Kr 

36 

84 

Thorium 

Th 

90 

232 

Rubidium 

Rb 

37 

85 

Protactinium 

Pa 

91 

231 

Strontium 

Sr 

38 

88 

Uranium 

U 

92 

238 

Yttrium 

Y 

39 

89 

Neptunium 

Np 

93 

237 

Zirconium 

Zr 

40 

91 

Plutonium 

Pu 

94 

244 

Niobium 

Nb 

41 

93 

Americium 

Am 

95 

243 

Molybdenum 

.Mo 

42 

96 

Curium 

Cm 

96 

247 

Technetium 

Te 

43 

97 

Berkelium 

Bk 

97 

247 

Ruthenium 

Ru 

44 

101 

Californium 

Cf 

98 

251 

Rhodium 

Rh 

45 

103 

Einsteinium 

Es 

99 

254 

Palladium 

Pd 

46 

106 

Fermium 

Fm 

100 

257 

Silver 

Ag 

47 

108 

Mendeluvium 

Md 

101 

256 

Cadmium 

Cd 

48 

112 

Nobelium 

No 

102 

254 

Indium 

In 

49 

115 

Lawrencium 

Lw 

103 

257 

Tin 

Sn 

50 

119 

Rutherfordium 

Rf 

104 

* 

Antimony 

Sb 

51 

122 

Hahnium 

Ha 

105 

* 

Tellurium 

Te 

52 

128 

* * 

* * 

106 

* 

Iodine 

I 

53 

127 

* Information not yet available 


Xenon 

Xe 

54 

131 

**Not vet named 






